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Correlation between Infrared Colors and Intensity Ratios 

of SiO Maser Lines 

Jun-ichi Nakashima^'^ and Shuji Deguchi^ 
ABSTRACT 

We present the results of SiO millimeter-line observations of a sample of 
known SiO maser sources covering a wide dust-temperature range. A cold part of 
the sample was selected from the SiO maser sources found in our recent SiO maser 
survey of cold dusty objects. The aim of the present research is to investigate the 
causes of the correlation between infrared colors and SiO maser intensity ratios 
among different transition lines. In particular, the correlation between infrared 
colors and SiO maser intensity ratio among the J = 1—0 v =1, 2, and 3 lines are 
mainly concerned in this paper. We observed in total 75 SiO maser sources with 
the Nobeyama 45m telescope quasi-simultaneously in the SiO J = 1—0 f = 0, 1, 
2, 3, 4 and J = 2—1 v = 1, 2 lines. We also observed the sample in the ^^SiO 
J = 1-0 = and J = 2-1 v = 0, and ^^SiO J = 1-0 v = lines, and the H2O 
6i,6~52,3 line. As reported in previous papers, we confirmed that the intensity 
ratios of the SiO J = 1-0 = 2 to = 1 lines clearly correlate with infrared 
colors. In addition, we found possible correlation between infrared colors and the 
intensity ratios of the SiO J = 1-0 v = 3 to v = 1&2 lines. Two overlap lines of 
H2O (i.e., Il6,6 ^2 = 1^127,5 z/2 = and 5o,5 1^2 = 2— ^-Gs^ 1^2 = 1) might explain 
these correlation if these overlap lines become stronger with increase of infrared 
colors, although the phenomena also might be explained by more fundamental 
ways if we take into account the variation of opacity from object to object. 
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Introduction 



1974 ). 



2003). 



Since the discovery of the SiO maser emission toward Orion IRc2 (ISnvder fc Buh 
roughly 2300 SiO maser sources have been so far found in the sky (jPeguchi et ah 
Although the SiO maser emission has been first detected toward a star-forming region, iron- 
ically most pu rsuant SiO maser sources have been i dentified as evolved stars with a thick 
dust envelope (IKaifu et al.lll975l : iReid fc Morarull98ll ). The SiO maser emission is nowadays 
applied to study a wide variety of astrophysical problems from circumstellar kinematics of 



evolv ed stars (e.g.. llmai et al.lll999l : [Diamond fc 



20051) to the galactic dynamics (e.g.. |Jiang et al. 



Mivazaki et al. 



2001: Messineo et al.ll2002 



K^emball 
19961: 



2003 



Izumiura et al. 



Cotton et al. 
1999| : 



Nakashima fc Deguchi 



2003a 



2004 



Yi et al. 



Ita et al 



Deguchi et al. 



2001 



2004 



Fujii et al. 20061 ). However, we still do not fully understand the fu ndamental pumping mech- 



anism of the SiO masers (e.g., lBujarraballll994l : iDoel et al.lll995l ) 



An important problem in the studies on the SiO masers was that SiO maser sources 
ever known were considerably biased. Specifically, the dust (effective) temperature of known 
SiO maser sources, which was calculated from mid-infrared flux densities (such as the IRAS 
and MSX flux densities), was hmited roughly in a range of 250 K < Tdust ^ 2000 K. This is 
because the previous SiO maser surveys have mainly aimed to study the galactic dynamics 
through the motion of SiO maser sources. To do such investigation, high detection rates of 
the SiO maser search and homogeneity of the sample are essential. Therefore, the majority 
of the previous SiO maser surveys were made in a specific dust-temperature range, in which 
the detection rate of the SiO maser search maximizes. Consequently a non-negligible number 
of potential SiO maser sources (especially with a low dust-temperature) have been slipped 
from the previous SiO maser surveys. 



Nyman et al.l (119931 ) first realized the importance of SiO maser sources exhibiting a 
low dust-temperature. They investigated how SiO maser emission behaves in a low dust- 
temperature range by observing OH/IR stars in the SiO J = 1—0 v = 1&2 and J =2-1 
V = 1 lines. The OH/IR stars often exhibit a low dust-temperature less than Tdust = 250 
K. In their observation cold objects clearly show a larger intensity ratio of the SiO J = 1—0 
f = 2 to f = 1 lines. Both coUisional and radiative schemes cannot fully explain this 



(Bujarrabal 


1994; 


Doel et al. 


1995). 


Nvman et al. 



( 119931 ) suggested that an infrared H2O line (lle.e ^2 = 1—^127 5 1^2 = 0) overlapping with 
the SiO J = V = l^J = 1 v = 2 transition might play an im portant role. This overlap 



line of H2O was first introduced by lOlofsson et al.l (jl98ll . Il985l ) to explain the anomalous 
intensity of the SiO J = 2—1 v = 2 line. However, in early 1990s the number of cold SiO 
maser sources (like OH/IR stars) was quite limited, and it was difficult to statistically futher 
investigate the relation between infrared colors and intensity ratios of SiO maser lines. 
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Nakashima fc Deguchil (j2003bl ) recently extended the Nyman's study by surveying the 
SiO maser emission in cold, dusty IRAS sources exhibiting low dust temperature less than 
250 K. They found roughly 40 new SiO maser sources in the cold dusty objects, and in 
conjunction with the results o f another SiO maser survey of relatively warmer IRAS objects 
( iNakashima fc Deguchill2003al ). they clearly demonstrated that the intensity ratio of the SiO 
J = 1—0 V = 2 to V = 1 lines increases in inversely proportional to the dust temperature. 



Nakashima &: Deguchil (j2003bj) again suggested that the overlap line of H2O might explain 
this correlation if the overlap line becomes stronger with decrease of the dust temperature. 
To consider further this problems, we need to confirm whether properties of the SiO lines 
other than J = 1—0 v = 1 and 2 lines are consistent with the existence of the H2O overlap 
line. 

In this paper we present the result of quasi-simultaneous observations in the multiple 
different SiO rotational lines with the Nobeyama 45m telescope. The aim of this observa- 
tional research is to investigate the correlation between dust-temperature (infrared colors) 
and SiO maser intensity ratios among different transition lines. The outline of the paper is as 
follows. In Sect 2 details of sample selection, observation and data reduction are presented. 
In Sect 3, the observational properties of the SiO J = l— 0f = l,2 and 3 lines are discussed, 
and those of other observed lines are also briefly mentioned. In Sect 4, we discuss the possible 
explanations of the correlations between infrared colors and the SiO maser intensity ratios. 
Finally, the results of the present research are summarized in Sect 5. 



Observation 



2.1. Sample 



The observing targets were selected from Nakashima fc Deguchi ( 2003a| jbl) and the 
Nobeyama SiO maser source catalog (Gorny et al. in preparation) in terms of the IRAS 
colors and flux densities. The targets are distributed roughly in th e right ascension range 
between 18*^ and 22^^, because the cold SiO maser sources found by INakashima &: Deguchi 
(l2003bl ) are distributed roughly in this range. We selected the observing targets basically in 
order of the brightness at A = 12 fim, but we also paid attention to the source distribution 
in the IRAS two-color diagram (see. Figure 1) so that the observing targets continuously 
cover the entire color range. In Figure 1 the observing targets mainly occupy the regions I, 
II, Ill ab, VII and IV, in which oxyg en-rich asymptotic giant branch (AGB) stars are dom- 
inant (Ivan der Veen fc Habinglll988l ). but some SiO maser sources still exist in the region 
VIII and V, in which presumably post- AGB stars and/or AGB stars with a large mass- 
loss rate are lying. For example, OH 231.8-^4.2, W43A and IRAS 19312-^1950 are located 
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in the reerion VIII or V ( 


Morris et al. 


1987 




Makashima & Deeuchi 


2000: 


Imai et al. 


2002 


Nakashime et al. 


2004; 


Nakashima & Deeuchi 


2004. 


2005). Finally we selected 75 observing 



targets. The selected targets are listed in Tabl e 1 along with infrared fluxes taken from the 



2MASS, IRAS and MSX point source catalogs flJoint IRAS Science. W. G.lll994J : lEgan et al. 



19991 : ICutri et al.l 120031 ). For the sake of later discussions, luminosity distances to the tar- 



gets are also listed in Table 1. This luminosity distances were calculated from bolometric 
fluxes obtained by integrating infrared fluxes given in Table 1 on the assum ption of 8000 Lp^, 



which is a typical absolute luminosity of stellar SiO maser sources (e.g., iNakashima et al. 



20001 ) . Since details abou t the calculation of the luminosity distance to SiO maser sources 



are found elsewhere (e.g., INakashima et al.ll2000l : iDeguchi et al.ll2002l ). we do not repeat it 



here. We discuss the uncertainty of the luminosity distance later in Sect 3.2. For known red 
supergiants, the distances are not given in Table 1, because the absolute luminosity of these 
objects are signiflcantly different from AGB stars. 



2.2. Details of observations and data reductions 



SiO line observations with the Nobeyama 45m telescope (iKaiful Il985[ ) were made in 
two separated periods: May 11-19, 2004 and February 15-19, 2006. In the flrst period 
we observed, in total, 38 objects with the cooled SIS-mixer receivers, S40 and SIOO. The 
frequency coverage of S40 and SIOO was roughly 500 MHz. The observed SiO transitions 
in the flrst period were J = 1—0 v =1, 2, 3 and J = 2—1 v =1, 2. We also observed 
in the ^^SiO J = 1-0 v =0 and J = 2—1 v =0 lines. These lines were observed with 
different frequency settings in different days, because the rest frequencies of the lines could 
not be simultaneously covered by the frequency coverage of S40 and SIOO. Maser lines are 
known to exhibit weak pola rization (typical fractional polarizations are 5%-30%: see, e.g.. 



Barvainis fc Predmorelll985l ). Therefore, in the flrst period we observed each object at an 
almost same local sidereal time on every different day to keep a rotation angle of the receiver 
within a certain small range (deviation of the observing time from day to day was less than 
±1.5 hours). In addition, in the flrst period we observed 27 objects in the H2O maser line 
at 22 GHz (6i,6~52,3) as a backup observation under rainy/heavy cloudy condition. In this 
H2O maser observations, we used the HEMT receiver, H22. 

In the second period we observed, in total, 53 objects with the HEMT receiver H40 with 
a frequency coverage of roughly 2.0 GHz. The observed transitions in the second period were 
SiO J=l-Ov =0, 1, 2, 3, 4, 29SiO J = 1-0 v =0 and ^oSiO J = 1-0 v =0. The rest 
frequencies of these lines were simultaneously covered by the wide frequency coverage of the 
H40 receiver. 
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Throughout the first and second periods we used two different acousto-optic spectrom- 
eters, AOS-H and AOS-W. Both AOS-H and AOS-W have 2048 frequency channels. The 
frequency coverage of AOS-H and AOS-W was 40 and 250 MHz, respectively. We used 16 
spectrometers at a time (AOS-H x 8 and A0H-Wx8) to simultaneously cover multiple dif- 
ferent lines. We used AOS-H for the lines in the 43 and 22 GHz bands (i.e., SiO J = 1—0 

V =0, 1, 2, 3, 4, 29SiO J = 1-0 V =0, ^osiO J = 1-0 v =0 and H2O 61,6-52,3), and used 
AOS-W for the lines in the 86 GHz band (i.e., SiO J = 2-1 v =1, 2 and ^^SiO J = 2-1 

V =0). This was because the noise level at 86 GHz was higher than that at 43 and 22 GHz. 
Rest frequencies of the observed lines were assigned to the center of the frequency coverage 
of spectrometers. Velocity coverage of AOS-H at 43 and 22 GHz was roughly 280 and 540 
km s~^, respectively, and that of AOS-W at 86 GHz was 870 km s~^. System temperatures 
of S40 and H22 were roughly 180-220 K, and those of SlOO and H40 were roughly 250-350 
K (depending on the telescope position, observing frequency a nd weather c ondition). The 
rest-frequencies of the observed lines were basi cally taken fromlLoyad (119921 ). but that only 
of the SiO J = 1-0 v = 4 line was taken from ISnyder et al.l (119861 ). The observations were 
made with a position switching mode, and the off-position was taken at 5' east of the target 
positions in the azimuth direction. The telescope pointing was checked every 1-2 hours with 
a 5-point cross mapping of strong SiO maser sources. Several targets in the present sample 
were used for the telescope pointing (for example. Villi Oph [=IRAS 18349-1-1023], x Cyg 
[=IRAS 19486-1-3247]). The pointing accuracy of the telescope was, in most cases, better 
than 10", but depending on wind speed. The beam sizes at 22, 43 and 86 GHz were 73", 
38" and 18", respectively. The aperture efficiency at 22, 43, and 86 GHz were 63%, 60% and 
44%, respectively. The conversion factors from K to Jy at 22, 43 and 86 GHz were 2.98, 2.89 
and 4.00 Jy/K, respectively. 

We observed at the MSX positions of the targets whenever those are available, because 
the ang ular resolution of the MSX survey is roughly 30 times better than that of the IRAS 
survey (jPrice et al.ll200ll ). and also because the accuracy of the IRAS positions are occasion- 
ally insu fficient even for the single dish observations especi ally in the case of infrared faint 
objects (jPeguchi et al.l 1200 ll : iNakashima &: Deguchil l2003bl ) . The present sample includes 
some objects lying out of the MSX survey region, and the MSX positions are not available 
there. However, the accuracy of the IRAS positions of these objects is considered to be 
sufficient enough for the present observations, because all the sources out of the MSX re- 
gion are quite bright at mid-infrared wavelengths. We reduced raw data using the reductio n 
software, NEWSTAR, developed by the Nobeyama Radio Observatory (llkeda et al.ll200ll ). 
The reduction procedure included ffagging out bad data, integrating the data in time, and 
removing a slope in the base line by least-square fitting of the first order polynomial. 
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3. Results 



A statistical summary of the observations is given in Table 2, and spectra of all detected 
lines are presented in Figure 2. Results of the observations are presented in Table 3, including 
IRAS names of observing targets, observed transitions, radial velocities, peak intensities, 
velocity-integrated intensities, upper limits of the velocity-integrated intensities, rms noise 
levels and observing dates. (Figure 2 and Table 3 are given only in electric form.) The radial 
velocities are the averages of radial velocities at the first and last 3a channels. Although 
the velocity at the intensity peak is often used as a velocity of SiO maser sources, this is 
not appropriate for some objects in the present sample, for example, IRAS 19254+1631 and 
IRAS 18349+1023, IRAS 23041+1016 (see, Figure 2). The upper limits of the integrated 
intensities are defined by the following formula: S'upper = 3(j n^^"^ Av, where a is the rms 
of flux density, Av is the effective velocity resolution, and n is the number of channels. 
To calculate the upper limits we assumed that the line width is 3 km s~^. The number 
of observations given in Table 2 is larger than the total number of the targets for some 
transitions, because we have repeated the observation of some targets so that we can check 
the time variation of the maser intensity ratios. In following subsections, we first discuss 
the properties of the SiO J = 1—0 v = 1, 2 and 3 lines, in which we detected an enough 
number of objects for statistical analysis. Then we briefly summarize the properties of the 
other lines. 



3.1. Properties of the SiO J=l— Of = l, 2 and 3 lines 

3.1.1. Infrared colors versus intensity ratios of SiO maser lines 



Figure 3 shows the relations between infrared colors and intensity ratios among the 
SiO maser lines. The line intensities used to calculate the intensity ratios are velocity- 
integrated intensities (presented in the 5th column in Table 3). The intensity ratios were 
calculated with the data obtained within a single observing period, because the intensity of 
SiO maser lines exhibits large time - variation with a time-scale of a few hu ndred days (see. 



e.g., iGomez Balboa fc Lepindll986l : iLee et al.lll994l : iKamohara et al.l l2005l ) . Here we omit 
to present similar diagrams with peak intensities, because the peak intensities give quite 
similar properties with the velocity-integrated intensities. The values of the peak intensity 
itself are given in the 4th column in Table 3. W51 has been excluded from Figure 3, because 
no relia ble infrared fluxes of t h e core emitting the SiO maser line are available, and also 
because iNakashima fc Deguchil (l2003bl ) have already comparatively discussed the properties 
of SiO maser emission between young stellar objects (including W51) and evolved stars. 
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In Figure 3 we applied three different infrared colors: log(F25/Fi2), log(Fe/Fc) and 
H—K, where F25 and F12 are the IRAS flux densities at A = 25 and 12 fim, and F^ are 
the MSX flux densities at A = 21.3 and 12.13 /im, and the H—K color was calculated with 
the 2MASS H- and i^'-bands magnitudes. Correlation coefficients were calculated for each 
pair of the intensity ratios and infrared colors, and the obtained values of the coefficients are 
given in the lower-right corners of each panel in Figure 3. 

As stated above, we observed 9 objects both in the first and second periods to check 
the time-variation of the line intensity ratios. The difference of the intensity ratios of the 
SiO J = 1—0 f = 2 to f = 1 lines between two observing periods reaches up to 0.44 in a 
logarithmic scale (corresponding to factor 2.8). The intensity ratios of the SiO J = 1—0 
f = 3 to f = 2 lines and of the SiO J = 1—0 1; = 3 to f = 1 lines exhibit, more or less, 
similar differences with that of the ratio of the SiO J = 1—0 f = 2 to = 1 lines. The 
maximum differences of fac tor 2.8 are consistent with previous monitoring observations of 
M-type miras. For example, Mcintosh ( 2006al lbl) monitored Mira (o Get) in the SiO J = 1-0 
V = 1 and 2 lines, and showed that that the maximum difference of the intensity ratio of 
the SiO J = 1-0 f = 2 to f = 1 lines reaches up to roughly factor 2.5 in a single pulsation 
period. In Figure 3 we plotted both two data points obtained in the different observing 
periods for the 9 repeated objects. 

In the panel A in Figure 3 we can clearly confirm the positive correlation between the 
intensity ratio of the SiO J = 1-0 v = '2 to v = 1 lines and the log(F25/Fi2) color as 
first reported by iNakashima fc Deguchil (j2003bl ). The intensity ratio of the SiO J = 1-0 
f = 2 to f = 1 lines also clearly exhibits correlation with the \og{Fe/ Fc) color (see, panel 
D). In the panels A and D, the two downward triangles (representing upper limits of the 
intensity ratio) lying at log(F25/Fi2) ~ 0.6 and log(Fe/Fc) ~ 0.5 are placed clearly below 
the dashed line. This feature is consistent with the b r eaking- down of the correlation at 
log(F25/Fi2) ~ 0.5 suggested by INakashima fc Deguchil (l2003bl ). Incidentally, the color of 
log(F25/Fi2) = 0.5 corresponds to the boundary between the distributions of AGB and post- 
AG B stars in the log(-F25/Fi2) color (Ivan der Veen fc Habingj Il988l : INakashima fc Deguchi 
2003bl ). Similar correlation is also seen in panel G showing the relation between the intensity 
ratio of the SiO J = 1-0 w = 2 to w = 1 lines and the log(F25/Fi2) color. 

Interestingly, the intensity ratios of the J = 1-0 f = 3 to f = 2 lines and of the J = 1-0 
f = 3 to f = 1 lines seem to also correlate with the log(F25/Fi2) color (see, panels B and 
C) even though the correlation coefficients are slightly smaller than that of panel A. On the 
other hand, the correlation of these ratios with the log{Fe/ F^) color is unclear (see, panels 
E and F), and the correlation coefficients are in fact close to 0. The intensity ratios of the 
J = 1-0 f = 3 to f = 2 lines and of the J = 1-0 f = 3 to w = 1 lines seem to weakly 
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correlate with the H—K color (see, panels H and I) even though the correlation coefficients 
are small (—0.03 and 0.23). Some exceptional data points presumably cause this small 
correlation coefficients: in panel H, {H—K, log(/2//i))= (0.2, 0.5), (6.5, —1.35), (6.5, —1.7), 
and in panel I, {H-K, log(J2//i))= (0.2, 0.5), (6.5, -1.0), (6.5, -1.5). 



3.1.2. Absolute intensity versus infrared colors 

Figure 4 shows the relations between infrared colors and absolute intensities of the SiO 
maser lines. The intensity of the SiO maser lines is standardized at the distance of 1 kpc using 
the luminosity distances given in Table 1. The left column of Figure 4 show the relations 
between the log(F25/Fi2) color and the absolute intensity of the SiO J = 1—0 v = 1, 2 and 
3 lines. A notable feature seen in these panels is that the SiO maser absolute intensities 
undoubtedly correlate with the log(F25/Fi2) color. Another clear feature is that the higher 
the vibrational transitions, the steeper the inclination of the dashed lines, which represent 
the results of least-square-ffiting of a ffist order polynomial (the inclinations of the dashed 
lines are given in the lower-right corners of each panel along with statistical uncertainty). 
This tendency is consistent with the correlation seen in Figure 3. 

In the panel A in Figure 4, the values of the absolute intensity of SiO maser emission 
seem to maximize at log(F25/Fi2) ~ 0.5, and the values tend to decrease with increase of the 
color in the red region above log(F25/Fi2) = 0.5. The log(F25/Fi2) color of 0.5 corresponds 
the boundary between distributions of AGB and post-AGB stars in t he log(F25/Fi2) color as 



stated in Sect 3.1. In fact, the panel A in Figure 3 (and Figure 8 in iNakashima fc Deguchi 



2003b!) shows a sudden change of the feature at log(F25/Fi2) ~ 0.5. No such change is seen in 
the panels D and G in Figure 4, simply because the SiO J = 1-0 v = 2 and 3 lines have not 
been detected above log(F25/Fi2) = 0.5 in the present observation. The middle column of 
Figure 4 similarly show the relations between the log(Fe/Fc) color and the absolute intensity 
of the SiO J = 1-0 v = 1, 2 and 3 lines. Features seen in these panels are basically same 
with those seen in the left column except that the number of detections in the blue region 
(i.e., log(Fe/Fe) < 0) is small. 

The right column of Figure 4 shows the relation between the H—K color and the absolute 
intensity of the SiO J = 1-0 v = 1, 2 and 3 lines. The feature seen in the right column is 
somewhat different from those seen in the left and middle columns, exhibiting a distribution 
showing a triangle-like shape. This is presumably because a non-negligible number of SiO 
maser sources with a very red IRAS/MSX color somehow exhibit a relatively blue H—K 
color. 
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Here, we ought to discuss the uncertainty of the "absolute" intensity of the SiO maser 
hues, because the data points in Figures 3 and 4 exhibits nonneghgible scatter, and also 
because the degree of the scatter is critical in further discussions and interpretations in 
later sections. As mentioned in Sect 2.1, the luminosity distances given in Table 1 were 
calculated on the assumption that the absolute luminosity of the targets is 8000 L^r^, which 
represents a typical absolute luminosity of AGB stars (e.g.. IVassiliadis fc Woodlll993l ). The 
present sample, in principle, can include some red supergiants in terms of infrared colors 
[for example, the log(F25/Fi2) color of a typical supergiant, VY CMa, is —0.17]. However 
the majority of the sample must be A GB stars, because t he SiO maser emission in the 
red supergiants is quite rare and weak (lAlcolea et al.lll990l ). Besides, recent observations 
revealed that the red supergiants emitting SiO mase r lines are preferably lying in a young 
star cluster and rarely exist in isolated environments (INakashima fc Deguchill2006l ). In fact, 
according to the MSX and 2MASS images, almost all of the objects in the present sample 
are clearly isolated, an d do no t show any evidences for lying in a star cluster. Furthermore, 
Nakashima fc Deguchil J2003al lbl) demonstrated, by making use of the luminosity distances 
of SiO maser sources obtained under the assumption of 8000 Lq, that kinematical properties 
of SiO maser sources are consistent with those of the gas component in the Galaxy. Thus, 
in our opinion, the assumption that the all objects in the sample are AGB stars would be 
appropriate. To make sure, the known red supergiant, IRAS 07209—2540 (VY CMa), was 
excluded from Figures 3 and 4. 

Under the assumption of the absolute luminosity of 8000 Lq, relative uncertainty of 
the luminosity distance is considered to be less than roughly 30%. There are a couple of 
observational eviden ces for this relative uncertainty of the luminosity distance. For example, 
Deguchi et al.l (120011 ) determined luminosity distances to the AGB stars in the Galactic center 
star cluster under the assumption of 8000 Lq, and they found that the standard deviation 
of the luminosity distances to the Galactic center AGB stars are less than 30%. For another 



evidence, distances obtained with the period-luminosity relation of miras (INakashima et al. 



2000l ) correspond with the luminosity distances obtained under the assumption of 8000 Lq 
within a relative uncertainty of roughly 30%. 

Another important factor affecting on the SiO maser absolute intensity is the time 
variation of the SiO maser intensity caused by the pulsation of AGB stars. Although there is 
no successful models fully explaining the physical relation between the pulsation and the time 
variation of the SiO maser intensity, a tight correlation between the optical /infrared and SiO 
maser intensities (see, e.g.. lAlcolea et al.lll999l : iPardo et al.ll2004j : iKang et al.ll2006l ) strongly 
suggests that the time variation of the SiO masers somehow connects to the pulsation of stars. 
The intensity of the SiO maser lines has been monitored over mul tiple pulsation periods by 



several authors in the J = 1-0 v = 1 and 2 transitions (see, e.g., iGomez Balboa &: Lepine 
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19861 : iKamohara et al.lboosl : lMcIntosh|[2006al jbl) . According to these monitoring observations, 
the intensity of th e SiO J = 1—0 v = 1 and 2 hnes changed in factor of 20-50 over one 
pulsation period. |McIntoshl (l2006al ) monitored Mira (o Get) in the SiO J = 1— f = 3 



hne, but unfortunately the number of observations was insufficient to discuss the amplitude 
of the maser line intensity.] Thus, the scatter of data points seen in Figure 4 should be 
dominantly caused by the time variation of the SiO maser emission due to stellar pulsation 
rather than the uncertainty of the distance determination. In fact, the 30 % uncertainty 
of the luminosity distance changes the absolute intensity of the SiO maser emission only 
between in factor of 0.5 and 2.0. 



3.1.3. SiO maser intensity versus 8 fim absolute flux 



A possible reason for the correlation seen in Figure 4 (especially in the left column) is 
that the energy input to the SiO maser region increases with the infrared colors. To confirm 
this possibility, in Figure 5 we plotted the 8 /im absolute fiux densities as a function of the 
infrared colors. The values of the 8 fim fiux densities were taken from the MSX point source 
catalog [the MSX a— band fiux (center wavelength is 8.28 fim) was used]. If we rely on the 
radiative scheme the 8 fim fiux should well represent the energy input to the SiO maser 
region, because the A = 8 um correspond s to the Av = 1 SiO tran sition (jPeguchi &: Iguchi 
19761 : iBujarrabal fc Nguyen- Q-Rieul Il98ll : iLanger fc WatsonI |l98J) . In Figure 5 the 8 fim 
fiux densities are standardized at the distance of 1 kpc using the luminosity distances given 
in Table 1. The distribution of the data points seen in Figure 5 is, in fact, strikingly similar 
with those seen in Figure 4, supporting that the 8 /xm absolute fiux tightly correlates with 
the SiO maser intensity. 

For the better understanding of the correlation between the 8 /im absolute fiux and the 
SiO maser intensity, in Figure 6 we plotted the absolute SiO maser intensity as a function 
of the 8 fim absolute fiux density. In Figure 6, all the three SiO maser lines (i.e., J = 1—0 
V = 1, 2 and 3) clearly show a linear correlation with the 8 /im absolute fiux density, 
and this result is consistent with a radiatively pumped saturated maser. This correlation 
between the SiO maser abso l ute in tensity and 8 fim absolute fiux density has been first 
reported by IBujarrabal et al.l (119871 ) in the SiO J = 1—0 v = 1 and 2 lines; IJiang] (120021 ) 
also confirmed the correlation by making use of the MSX data archive. The present result 
shows somewhat larger scatter comparing with the Bujarrabal's result. This is due mainly 
to the time varia t ion of the SiO maser intensity caused by the stellar pulsation [Incidentally, 
Bujarrabal et al.l (|l987l ) observed their targets at the almost same pulsation phase by making 
use of their mid-infrared monitoring observations] . Nevertheless, the correlation between the 



- 11 - 



8 /iin absolute flux and the SiO maser absolute intensity still leaves no doubt. The SiO maser 
absolute intensities also correlate with infrared continuum at other wavelengths, for example 
A = 12 and 25 / xm, but the corre l ation coefficient maximizes at A = 8 /im; this result is also 



consistent with iBujarrabal et al.l (119871 ) . 



Another notable feature in Figure 6 is that the distribution of the data points varies with 
the infrared colors. In Figure 6 the red filled circles and blue diamonds represent the objects 
with the log(F25/Fi2) color above and below 0.2, respectively. The cold objects represented 
by the red circles, in average, exhibit larger values both of the 8 /im absolute flux and SiO 
maser absolute intensity than the warm objects represented by the blue diamonds, but the 
both cold and warm objects (red circle and blue diamonds) are still lying in the same straight 
line. This result implies that the properties of the SiO maser emission of both cold and warm 
objects are consistent with the radiative scheme. In addition, the red circles in the upper 
panel of Figure 6 are distributed in a somewhat larger area comparing with those in the 
middle and lower panels. This is because some very red objects (log(F25/Fi2) > 0.5) exhibit 
weak SiO maser intensities as seen in the panel A in Figure 4. 



3.2. Properties of the other lines and line profiles 

In Figure 7 we show the relation between the log(F25/Fi2) color and the SiO maser 
intensity ratio of th e J = 2—1 f = 1 to J = 1—0 v = 1 lines. In Figure 7 the results of 



Nyman et al.l (119931 ) are also presented for comparison as the blue data points. The present 
observation, represented by the red data points, seems to be consistent with the Nyman's 
results. Mojority of the data points exhibit the intensity ratio around —0.5, but interestingly 
some data points exhibit small ratios in the red color larger than log(-F25/-Fi2) = 0.2. 

The absolute intensities of the SiO J = 1—0 v = and ^^SiO J = 1-0 v = lines seem 
to correlate with infrared colors as well as the J = 1-0 v = 1, 2 and 3 lines. We also check 
the correlation between infrared color and the absolute intensity of the H2O 6i^6~52,3 line, 
but there is no correlation. 



Some authors (e.g., iNyman et al.lll993l ) have pointed out that the profile of the J = 1-0 
V = 1 line is very similar with that of the J = 1-0 v = 2 line, but is different from that 
of the J = 2—1 V = 1 line. However, a part of the present results contradict the previous 
observations. For example, IRAS 09448+1139, IRAS 18545+1040 and IRAS 18592+1455 
clearly show different line profiles between the J = 1-0 v = 1 and 2 lines, and IRAS 
19192+0922 and IRAS 20491+4236 show a very similar profile between the J = 1-0 v = 1 
and J = 2—1 v = 1 lines (see. Figure 2). In addition we cannot find any relation between 
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the infrared colors and similarity of the line profile, at least, by our eye inspection. 



Discussion 



In this section we go back to the main question in this paper: how can we explain the 
correlation between the infrared colors and the intensity ratios among the SiO maser lines 
(in particular among the v = 1, 2 and 3 lines at 43 GHz)? One possible explanation is to 
int roduce the over l ap line of H 2Q (He.e ^2 = 1^127,5 1^2 = 0), which has been first suggested 
by lOlofsson et al.l (jl98lL Il985l ) to explain the anomalous, weak intensity of the SiO J = 2—1 

V = 2 line in oxygen-rich (0-rich) stars. A recent theoretical calculation also predicts that 
this o verlap line of H^O may explain the unexpected observational results found in VLBI 
maps (jSoria-Ruiz et al.ll2004l ). This H2O line overlaps with the SiO J = v = = 1 

V = 2 transition with a velocity difference of 1 km s~^. With this line overlap, the J = 1 

V = 2 level is overpopulated, and the weakness of the SiO J = 2— lt> = 2 line is explained 
by this overpopulation. The overpopulation at the J = 1 f = 2 level is also consistent with 
the strong intensity of the J = 1—0 v = 2 line. Thus, the correlation between the infrared 
colors and the intensity ratio of the SiO J = 1—0 1; = 2 to f = 1 lines may be explained if 
this overlap line of H2O becomes stronger with increase of the infrared colors. 

One problem in this interpretation is that the intensity ratios of the SiO J = 1-0 v = 3 
to V = lfc2 lines c a nnot be explained only by the H2O lle.e ^2 = 1~^127.5 z/2 = line. 
However ICho et al.l (120071 ) recently reported an interesting detection of the SiO J = 2— 1 

V = 3 line toward an S-type star, x Cyg. They also confirmed that the SiO J = 2—1 v = 3 
line is weak in 0-rich stars. The S-type stars have almost same amount of oxygen and 
carbon atoms, and consequently they have few H2O molecules in its envelope. These results 
potentially suggest that another overlap line of H2O affects on the population distribution of 
SiO in 0-rich stars, and lCho et al.l (120071 ) have suggested that the H2O 5o,5 1^2 = 2^63^4 1^2 = 
1 line overlapping with the SiO J = v = 2—>-J = 1 f = 3 line (with a velocity difference 
of about 1.5 km s~^) acts on the population distribution of SiO. Thus, if both the H2O 
ll6,6 J^2 = 1—^127,5 1^2 = and 5o,5 1^2 = 2^63,4 1^2 = 1 lines becomes stronger with increase 
of infrared colors, all correlations between infrared colors and the SiO maser intensity ratios 
among the J = 1—0 v = 1, 2 and 3 lines might be explained. The line intensity of the H2O 
5o,5 ^2 = 2— *>63^4 z/2 = 1 line is usually weaker than that of the lle.e ^2 = 1~*'127,5 z/2 = line. 
This fact also seems to be consistent with the relatively weak intensity of the SiO J = 1—0 

V = 3 line. In addition, as stated in Sect 3.2, the intensity of the J = 2—1 f = 1 line 
suddenly decreases at log(F25/Fi2) ~ 0.2. If we rely on the population transfer by the H2O 
overlap line, the behavior of the J = 2—1 v = 1 line seem to be explained consistently as 
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suggested by iNyman et al.l (Il993l ): the overlapping H2O line may become stronger and will 
therefore still be able to invert the 43 GHz transitions while the 86 GHz v = 1 maser would 
become progressively weaker. 

However, there are a couple of problems on the explanation with the overlap line of 
H2O. First, we have to explain how the H2O infrared lines overlapping with the SiO lines 
become stronger with increase of infrared colors. The relative abundance of H2O molecules 
possibly increases with infrared colors, but this is not conclusive. Second, the correlation 
between infrared colors and the intensity ratios of the SiO J = 1—0 f = 2 to f = 1 lines 
might be explained by more fundamental way without the overlap line of H2O. In thick dusty 
envelopes of very red objects (i.e., envelopes exhibiting a large optical depth), strong 8 /xm 
emission comes from every direction to the SiO masing region, causing ineffective pumping 
through the SiO Av = 1 transition, while 4 fim emission corresponding to the SiO Av = 2 
transition is more effectively pump the SiO population instead of the 8 /im in such thick 
dusty envelopes (note that the 4 /im radiation only serves to pump the v = 2 masers). Thus, 
the intensity ratio could be changed by the optical depth, which is uniquely determined by 
infrared colors such as log(F25/Fi2) and log(Fc/Fc). We have to also pay attention to the 
surface temperature of the central star, because the surface temperature of the central star 
affects on the 8 /xm flux at the masing region, and also because the surface temperature 
correlates to the dust-color temperature. 

In addition, we need to be careful about the reliability of the correlations seen in Figure 
3, because the correlation between the MSX color [i.e., log(Fe/Fc)] and the intensity ratios 
are not clear (see, panel E and F in Figure 3) comparing with the correlation between the 
IRAS color [i.e., log(F25/Fi2)] and the SiO maser intensity ratios (see, panel B and C in 
Figure 3). One possible reason for the weak correlation between the MSX color and the 
intensity ratio is the lack of the detections in the blue MSX color region. The blue sources 
in the sample were selected from bright (nearby) objects to reduce the observing time, and 
these nearby objects are often popped out from the MSX survey region (i.e.. Galactic disk: 
|6| < 6°). Another important factor causing the weak correlation coefficients is the scatter of 
the data points in Figure 3 due mainly to the pulsation of AGB stars. To reduce the effects 
of the pulsation, we have to measure the SiO maser line intensity at a certain pulsation 
phase (e.g., intensity maximum), and to do that we have to monitor the objects in infrared 
wavelengths or SiO maser lines; this would be a kind of big projects. Otherwise , future large 



scale monitoring projects like the Large Synoptic Survey Telescope (LSST, iTysonI |2002| ) 



might be helpful if the date is promptly released to the public after the observation. 
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5. Summary 

In this research we observed 75 known SiO maser sources quasi-simultaneously in the 
SiO J = 1-0, v = 0, 1, 2, 3 and 4 hnes, SiO J = 2-1 v = 1 and 2, ^^SiO J = 1-0 v = and 
J = 2—1 V = 0, and ^''SiO J = 1-0 v = hnes. We also observed the targets in the H2O 
6i,6~52,3 hne under rainy/heavy cloudy condition. The sample continuously covers a very 
wide dust-temperature range from 150 K to 2000 K. The cold part of the sample (less than 
250 K) was selected from cold SiO maser sources found in our recent surveys. The main 
results of the present observations are summarized as follows: 



1 . The correlation between infrared colors and th e intensity ratio of the SiO J = 1 - 
f = 2 to f = 1 lines is confirmed as reported by lNakashima fc Deguchil (j2003bl ). 



2. The intensity rations of SiO J = 1-0 v = 3 to v = 1&2 lines possibly correlate 
with infrared colors. In particular these ratios exhibit a relatively large correlation 
coefficient with the log(F25/Fi2) color (IRAS color). 

3. Two overlap line of H2O (i.e., Il6,6 ^2 = 1^127,5 2^2 = and 5o,5 1^2 = 2— s>63^4 z/2 = 1) 
might explain the correlations between the infrared colors and the SiO maser intensity 
ratios among the J = 1—0 w = 1, 2 and 3 lines, although the phenomena also might be 
explained by more fundamental ways if we take into account the variation of opacity 
from object to object. 



One important future work on the basis of the present observation would be VLBI 
observations in the SiO J = 1-0 v = 3 line, because we found several new sources bright 
enough for VLBI observations in the J = 1-0 v = 3 line. Comparison of the spatial 
distributions between the J = 1-0 v = 3 and other lines will be helpful to consider the SiO 
maser pump mechanism. 

The present research has been supported by the Academia Sinica Institute of Astronomy 
& Astrophysics and by the Laboratory for Astronomical Imaging at the University of Illinois. 
JN thanks Paul Ho for his constant encouragement. This research has made use of the 
SIMBAD and ADS databases. 
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Fig. 1. — Distribution of the observing targets in the IRAS two-color diagram. [12] — [25] 
and [25] — [60] mean the IRAS colors defined by equations as follows: [12] — [25] = 
2.5 log(F25/,m/-^i2/.m) and [25] - [60] = 2.5 log(F60;,m/-p25Mm), where Fu^^a, -^25/.m and Feo^m 
are IRAS fiux densities at the wavelength indicated in each suffix. The black dots represent 
the observing targets. The solid line represents the blackbody curve. The regions com- 
parted by the dashed li r ies re presents the classification of the IRAS sources suggested by 



van der Veen fc HabingI (119881 ). 
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Fig. 2. — (a) Spectra of all detected lines. The designation "pi" and "p2" at the upper-left 
corners of each panel means the observing periods: May 11-19, 2004 (pi) and February 
15-19, 2006 (p2). 
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Fig. 2. — (6) Continued. 



21 



^ — ■ 







; i A 

■ pnn * i jn i^ 




■1 1.^.^ 




Jy 




i 





j: q- ■ . ,■ ^ 




3~ 



— M 



Fig. 2. — (c) Continued. 
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Fig. 3. — Infrared colors versus intensity ratios of the SiO maser lines. The horizontal axes 
represent infrared colors. F25 and F12 denote the IRAS flux densities at A = 25 and 12 yum, 
respectively. Fe and Fc denote the MSX flux densities at A = 21.3 and 12.13 /xm, respectively. 
The H—K color was calculated from the 2MASS H- and X-bands magnitudes, h and I2 
denote the velocity integrated intensities of each SiO maser line, and the assignment of the 
SiO lines to the Ji and I2 is indicated in each panel. The flUed dots (•), upward triangles 
(A) and downward triangles (y) respectively represent the intensity ratios of the SiO maser 
lines, lower limits of the ratio and upper limits of the ratio. Correlation coefficients are given 
in the lower-right corners of each panel. The dashed lines are the results of least-square 
fitting of a first order polynomial (only for the cases with the correlation coefficients larger 
than 0.35). 



-23- 



1 ■ 1.1 • ' T" h Y' ' I li I ■ ■ ' I ' ' 



[-1 ' I ' I ■ f ■ ' I I 



I I I ■ I I I I |JJ I I I I L I I ! ||'| I I I ]<4l I I I ) 1 r- 



z - 



Fl 
I > 

Mr 



■ * ■ I » na 



I . I, I . . < . , . I , . ■ I 



" < I ' i 111 1 J I ' r I ' ■ < I ■ > ■ I II 



. i 



D 

1 1. .. .1 



I . . . I 1 ■!■ - 



B 



_l 1—1 ■ ■ ' 1—1 i_i ^ ' ' ■ 



— 1 [—■ — I I 1 I ' I ' 1 1 I I ' ■ 1 r 

^3»l.-'.!Iv*3 , 

"•j-'i ;*•'•T^;^"^■ 
« it 



I I I T I I I r I I I I I ■■■ I 



I. I J ,I .L r j. J .1 1 1. I. I 



1 1 1 ' 1 1 1 ■ 1 1 1 ' " — n 



ii' 

!ij ii|.ii.i I.I 1 1 II I 1 1 1 1 ij.1,1, Li,[^;;..i I j.u II. . ■■ 



9- 



-1 1 1 ,1 » 1 r >< ' ; t ' ' - '.|. 



ir • i'''.h'' ■ '"ii • '"' 



*■! 1 1 I V* ii-i i"l I 'i I «i 1'^ i it — I 1 



.... .M- 



H 



« > i|rt ♦ » I - I » » t, V I * * - * 'i I i^> - [ » -» i f ' riH ii >* 'i .n . >l;im » '*T » ii i 1 1 .. . i . . . .| 

rfi' ' ' S^ vJjtj,^^^ .44, M jiUg^S^rT^i It ..flt- ■^v- t^^!' ■ 5 t ? 



Fig. 4. — Relation between infrared colors and absolute intensity of SiO maser lines. The 
notation of the infrared colors is same with that used in Figure 3. The intensity of SiO 
maser lines is standardized at the distance of 1 kpc using the luminosity distances given 
in Table 1. The thick dashed lines represent the results of least-square-fitting of a first 
order polynomial. The inchnations of the fitted fines (thick dashed lines) are given at the 
lower-right corners of each panel with statistical uncertainty. In the panel A, only the data 
points below log(F25/Fi2) = 0.5 were fitted by the polynomial. The data points above 
log(F25/Fi2) =0.5 arc independently fitted by a first order polynomial, and the results of 
the fitting is given as the thin chain line. 
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Fig. 5. — Relations between 8 /im absolute flux and infrared colors. The 8 iim absolute flux 
is standardized at the distance of 1 kpc using the luminosity distances given in Table 1. 
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Fig. 6. — Relation between 8 /im absolute flux and absolute intensities of the SiO J = 1-0 
V = 1, 2 and 3 lines. The 8 fim absolute flux and the absolute intensities of the SiO maser 
lines are standardized at the distance of 1 kpc using the distances given in Table 1. The 
red circles and blue diamonds represent the objects exhibiting the log(F25/Fi2) color above 
and below 0.2, respectively (i.e., the red circles represent relatively cold objects, whereas the 
blue diamonds represent relatively warm objects). The dashed lines represent the results of 
least-square-fltting of a flrst order polynomial. 
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Fig. 7. — log(F25/Fi2) versus SiO maser intensity ratio of the J = 2—1 t> = 1 to J = 1—0 
V = 1 lines. As well as previous figures, F25 and F12 denote the IRAS flux densities at 
A = 25 and 12 /im, respectively. The red filled diamonds represent the r esults of the present 
observation. The blue filled dots represents the results of iNyman et al.l (1l993l ). The red and 
blue downward triangles respectively represent the upper limits in the present and Nyman's 
observations. 
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Table 1. List of the observing targets 
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1/18 
14. o 


1 /I n 

14. u 


10 8 
IZ.O 


fi n 
o.U 


Q fi 

y .0 


8 c; 
0.0 


1 1 Q 

11.0 


Q 

y .0 


8 1/1 
0. 14 


ioUoU — ZZoo 


117 
1 1. ( 


1 n Q 
lu.y 


10 7 
lU. ( 


111 
11.1 


on /I 

ZU.4 


y .0 


1/11 

14. 1 


1 8 Q 

lo.y 


fi nc^ 
o.uo 


1 81 'ip; 1 /I 

iOiOO — i^OO 


1 /I 

10.4 


1 8 
lo.o 


1 1 
10.1 


01. u 


1 9/1 /I 
1Z4.4 


A fi 
4.0 


Ofi 1 
ZO. 1 


80 1 
OZ. 1 


1 fi 

0. 10 


1 81 DQI Q 


1 /I 

14.0 


1 fi 

10.0 


1 9 
10. Z 


1 /I ^ 

14.0 


00.0 


17 7 
1 ( . ( 


0/1 fi 
Z4.0 


00. 1 


1 1 

0.11 


1 81 QQ 1/1/10 


1 Q 

10. y 


1 8 
10. o 


111 
11.1 


10 1 
IZ. 1 


9c; 
zo.o 


1 c; 7 

10. ( 


00 

zz.o 


08 /I 
Z0.4 


8n 
o.ou 


1 aoQi 1110 


IRQ 

iD.y 


1 Q /I 

l0.4 


Q Q 

y.y 


1 n fi 

lU.D 


17 
1 / .Z 


A fi 
4.D 


7 n 
/ .u 


8 7 


fill 

D.ll 


1 8040 nso"? 

loZ^tZ — UoZO 


10 
IZ.Z 


1 1 

11. o 


1 1 n 

11. u 


10 7 
lU. / 


on 1 

ZU. 1 


8 4 
0.4 


10 4 
1Z.4 


1 8 
10. 


fi 1 Q 

D.iy 


1 SOfiS 1117 
loZDo — 111 / 


1 8 


1 

IZ.O 


117 

11. / 


1 4 
1Z.4 


■^n ^ 
ou.o 


1 Q 

lo.y 


on 
zu.z 


■^1 Q 

oi.y 


^ fiO 
O.DZ 


loo4o — UOZD 


17 1 
1 / .1 


1 /I fi 
14. D 


8 n 

o.U 


ooy.o 


fiQQ 8 
DOO.O 


1 1^1^ 1 

100.1 


Ofil A 
ZD1.4 


AA^ ^ 
440.0 


1 nfi 

l.UD 


1 8Q/1Q_Ll noQ 


/I 1 
4.1 


Q 
Z.O 


1. 1 


71 Q 7 

( ly. ( 


Q1 8 
Olo.O 








n 1 8 
u. lo 


1 a'ia? D/ioQ 


Q 

o.y 


7 
Z. ( 


9 1 
Z. 1 


Q1 Q /I 

oiy.4 


080 n 
zoz.u 


1 Q8 Q 

lyo.o 


OfiQ 7 
ZOO. / 


0Q8 
ZOo.Z 


n 7/1 

U. ( 4 


1 8/1 1 '?_Ll 'iCi/l 


A 7 
4. ( 




o.z 


9 1 
Z. 1 


99p; 1 

ZZO. 1 


1 p;o "x 

lOZ.O 








n fio 
u.oz 


1 8/1 QO ni /I Q 
io4oZ — U14y 


1 n 
10. u 


^ A p. 

14.0 


1 /I Q 
14.0 


0^ 1 
ZO. 1 


c^O 

oz.o 


1 
IZ.O 


1 Q 8 

ly .o 


OQ 

zy.z 


A n9 

4.UZ 


1040U — U14o 


1 fi 1 

lO. 1 


14 8 

l^.O 


1 
lO.Z 


0*? 7 

ZO. / 


in"? 

lUO.O 




Z.O 


0*? Q 
zo.y 


78 8 
/ o.o 


o.oo 


lo4oo — UlU / 


1 R 
ID.O 


1 Q 
lo.y 


1 1 

lO.l 


1 fi 
ID.O 


4"^ n 

40.U 


on 7 

ZU. < 


■^1 1 

Ol.l 


48 Q 

4o.y 


/I 80 
4.0Z 


18/1Q8 nni 7 
io4yo — uui / 


1 fi 8 
ID.o 


1 fi n 

ID.U 


lO.O 


00 Q 

zz.y 


fif; 8 
DO.O 


on 
zu.z 


00 7 

zy. / 


7'X A 
1 0.4 


4 ni 

4.U1 


18509—0018 


14.6 


13.5 


-I O -I 

13.1 


15.7 


34.6 


15.3 


24.8 


32.9 


5.07 


18517+0037 


16.7 


15.7 


15.3 


16.6 


39.4 


14.8 


25.9 


39.8 


4.88 


18525+0210 


18.4 


16.9 


12.5 


18.4 


35.3 


3.2 


4.9 


8.8 


4.71 


18535+0726 


13.1 


10.2 


8.2 


63.0 


70.7 


25.5 


30.4 


38.0 


2.11 


18540+0302 


14.1 


9.8 


7.0 


18.6 


29.5 


18.5 


24.2 


25.0 


4.60 


18545+1040 


10.6 


8.4 


6.6 


48.2 


30.6 


13.9 


18.0 


14.5 


1.23 


18549+0208 


18.2 


15.7 


11.9 


13.1 


28.1 


20.5 


29.8 


40.1 


5.56 


18592+1455 


6.4 


4.9 


4.0 


37.7 


25.2 


22.1 


23.6 


18.5 


1.50 


19017+0608 


17.8 


13.6 


9.6 


16.5 


31.0 


6.7 


10.2 


17.0 


4.97 


19065+0832 


9.3 


7.6 


6.9 


20.2 


51.5 


9.1 


16.4 


30.8 


4.37 
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Table 1 — Continued 



IRAS name 


J 


H 


K 


Fl2 


F25 






Fe 


D 




(mag) 


(mag) 


(mag) 


(Jy) 


(Jy) 


(Jy) 


(Jy) 


(Jy) 


(kpc) 




14 8 

X'-± .(J 


1 2 2 

X ^ . ^ 


1 1 1 

X X . X 


94 6 

.U 


79 1 

i Zj . X 


8 3 

(J. U 


15 5 

XU.U 


99 3 

Zj U. U 


3 85 

U .(JU 




16 7 

XU. / 


1 5 n 


1 7 

XU. / 


9 1 

iJ . X 


18 4 

XO .rt 


1 6 1 

XU. X 


91 7 

ZjX . / 


33 1 

UU. X 


6 69 




1 5 

X .U 


n 9 


—0 6 
u.u 


1 575 n 

XU / u.u 


669 6 

UUC/ .u 








19 

U. XZj 




1 5 9 


14 7 


1 1 6 

X X . u 


8 4 


16 8 

XU.O 


9 9 

Zj . U 


4 5 


7 

i .u 


6 96 

U . UU 




1 3 4 

XO .t: 


9 6 


6 9 

U. cf 


X X . Zj 


1 37 9 

X ( . z 








1 68 

X .uo 


1 qi q2-|-nq99 


9 4 


6 8 


4 8 


1 97 9 


1 55 

X UU . u 


157 4 

XU 1 .t: 


906 6 

ZjUU . U 


916 

Zj XU . U 


1 57 

X . U 1 


X C/ZjO X n^OU^JO 


6 n 


4 6 


3 6 

O.U 


X X X . 


90 4 

C/U .t: 








1 1 9 

X . X Zj 




7 6 


5 7 


4 3 


65 9 

UU . Z; 


47 

t: 1 . U 


37 3 

U 1 . U 


39 

UU . u 


33 7 

UU. 1 


1 97 

X . Zj 1 




17 8 

X / .O 


1 5 8 


14 8 


16 6 

XU.U 


44 7 


1 3 1 

XO. X 


99 1 

ZjZj . X 


41 7 

rtX . / 


4 77 


iq2S'^-i-iq44 

X i_y ^ OO 1 X t^/'X X 


17 1 

X 1 . X 


1 6 9 


19 9 

X ^ . ^ 


88 5 

UU .u 


1 78 8 

X i (J.U 


55 

UU . u 


76 7 

i U. i 


1 08 9 

X U(J . u 


9 14 

Zj . Xrt 


1 q2q5+292S 


15 2 

XO 


19 6 

X ^ . w 


9 5 


14 3 

X'-± .u 


95 3 

ZjU .U 


1 5 8 

X U . (J 


99 8 

ZjZj .0 


98 9 

Zj(_?. U 


5 34 

U .Urt 


iqQio+iq.'in 

X t^/o x.^ J- 


11 3 

X X .(J 


7 7 


6 6 


99 5 

Zj Zj .U 


70 6 

i U.U 


1 1 8 

X X . (J 


99 7 

ZjZj . i 


45 

rtU . u 


3 96 

U . UU 




2 3 


1 4 

X 


9 

u . u 


1 04 9 

X Ut: . U 


59 9 

UZ; . Zj 








58 

U . UO 




4 8 


3 9 


9 3 


1 55 9 

XUU .Zj 


114 6 

X Xt: . U 








85 
u .ou 


1 q499-|-S^nfi 


9 9 


6 9 


5 3 


909 9 

ZiUZi . u 


1 79 3 

X 1 Z( .u 








89 

U .Oc/ 


1 q44n-l-99^1 


1 6 n 

XU .u 


1 5 1 

XtJ. X 


1 5 6 

XU.U 


1 5 7 

X U . 1 


97 9 

Z( 1 . C/ 


1 9 9 

X Zf . Zf 


1 7 4 

X 1 


95 

Z(U. u 


5 08 

U .UO 


1 q48fi-i-'^947 


n 9 


X . X 


— 1 7 

X . 1 


1688 fl 
xuoo .u 


459 

TiUc/ .U 


191 8 

X Zj X . 


1 748 9 

X 1 H:0. Zj 


680 1 

UOU. X 


05 

U .UU 


1 q4q':i_|_2qn5 


10 2 

XL/ 


7 5 


5 6 

U.U 


99 3 

ZjZj .U 


34 4 

Urt .'-± 


95 9 

ZjU . U 


34 9 

Urt . U 


36 

UU. u 


4 16 

'-± . X u 


1 q5n8+9fi.'iQ 


9 6 


6 9 


5 3 

U.U 


98 1 

Z; O . X 


99 7 


19 5 

XZj . U 


17 9 

X 1 .U 


18 6 

X (J. u 


3 00 

U .UU 


1 q57fi+9S14 


15 7 


14 8 


1 3 8 


17 4 


37 3 


1 1 8 


15 9 


95 1 


4 89 


/UUiU+oUii 


o.u 


Q 7 
O. 1 


Q 1 


oo.z 


4i.4 


oi. / 


oU.z 


QQ 1 

66. s. 




20024+1727 


8.4 


6.5 


5.0 


61.0 


60.9 








1.93 


20043+2653 


17.4 


14.9 


10.6 


17.9 


42.0 


12.3 


17.2 


29.4 


4.70 


20052+0554 


5.4 


4.1 


3.1 


137.4 


90.5 








0.77 


20077-0625 


6.9 


3.9 


2.1 


1255.0 


1061.0 








0.36 


20095+2726 


9.8 


7.2 


5.6 


28.8 


26.6 


10.2 


13.3 


14.7 


2.59 


20241+3811 


2.4 


1.0 


0.4 


510.6 


329.6 


289.8 


482.6 


303.6 


0.39 


20381+5001 


5.3 


4.3 


3.7 


32.5 


25.8 


49.8 


52.0 


36.6 


2.04 


20459+5015 


6.6 


5.1 


4.2 


20.3 


11.4 


13.7 


13.7 


8.7 


1.57 


20491+4236 


11.3 


8.0 


5.9 


54.8 


69.8 


22.3 


31.2 


39.0 


2.46 
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Table 1 — Continued 



irlAo name 


7 
J 


TT 
12 


K 


771 


77' 


77' 


77' 


77' 


U 




(mag) 


(mag) 


(mag) 


(Jy) 




(Jyj 


(Jyj 


(Jyj 


(kpcj 


20529+3013 


2.9 


1.9 


1.4 


171.6 


101.4 








0.59 


21088+6817 


-0.5 


-1.3 


-1.8 


752.9 


266.6 








0.13 


21270+7135 


3.8 


2.7 


1.9 


105.7 


54.2 








0.60 


21286+1055 


4.6 


3.1 


2.2 


160.7 


106.6 








0.72 


21419+5832 


-0.3 


-1.3 


-1.6 


1296.0 


607.7 


97.6 


379.4 


294.5 


0.15 


21426+1228 


2.7 


1.8 


1.3 


59.5 


26.7 








0.65 


21439-0226 


-0.3 


-1.4 


-1.7 


637.4 


320.7 








0.24 


21456+6422 


4.0 


2.7 


1.9 


175.3 


108.1 








0.62 


22097+5647 


3.6 


2.4 


1.7 


203.3 


135.5 


119.7 


156.7 


126.7 


0.64 


22177+5936 


16.4 


10.7 


6.9 


123.2 


228.9 


75.2 


103.0 


155.8 


1.82 


22480+6002 


4.6 


3.5 


2.8 


141.9 


175.2 


92.2 


123.1 


161.5 


1.50 


22512+6100 


3.9 


2.6 


2.0 


108.5 


93.3 


63.5 


83.7 


67.0 


1.23 


22516+0838 


4.4 


3.1 


2.4 


113.2 


63.9 








0.67 


22525+6033 


4.6 


3.0 


2.1 


112.1 


92.3 


87.8 


133.6 


97.7 


1.15 


23041+1016 


1.8 


0.9 


0.4 


182.9 


73.2 








0.31 



~ J, if and K represent near- infrared J, R and X-bands magnitudes taken from the 
2MASS point source catalog. F\2 and F25 represent IRAS flux densities at A =12 and 
15 ;um, respectively. Fa, and represent MSX flux densities at A =8.28, 12.13 and 
21.3 /im, respectively. 
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Table 2. Statistics of the line observations 



Transition 




Detections 


No. of observations 


Detection rate (%) 


SiO J^l-Ov^ 





5 


53 


9.4 


SiO J^l-Ov^ 


1 


60 


78 


76.9 


SiO J = l-Ov = 


2 


68 


83 


81.9 


SiO J =l-Ov = 


3 


29 


79 


36.7 


SiO J=l-Ov = 


4 





50 


0.0 


SiO J = 2-lv = 


1 


8 


9 


88.9 


SiO J = 2-lv = 


2 


1 


23 


4.3 


29SiO J = 1-0 ^; 


= 


21 


81 


25.9 


29SiO J = 2-1 V 


= 


2 


23 


8.7 


=^°SiO J = 1-0 V 


= 


3 


51 


5.9 


H2O 6i,6-52,3 




14 


28 


50.0 
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Table 3. Results of line observations 



IRAb name 


transition 






'^pcak 




rms 


1 1 J 

obs. date 










(km s ) 


(K) 


(K km s ^) 


(K) 


(yymmdd.dj 




SiO J = 


1-0 V = 


n 






<^0 79 


3fiQ 


06091 5 Q 


(QY Mn-n\ 


SiO J = 


1-0 V = 


1 
± 




1 fi QQ 


'^T 1 Q 


494 






SiO J = 


1-0 V = 


2 


— 58 4 


1Q 98 




Q59 

yj. uxj £j 






SiO J = 


1-0 t; = 




— 57 8 


9 QO 


'\ 48 


414 


06091 5 9 




29SiO J = 


= 1-0 V = 


- 






<0 68 


347 


06091 5 9 


n79nQ— 9^zLn 


SiO J = 


1-0 V = 


n 




o .^o 


7Q 87 


n 9^9 


06091 6 n 


(VY CMfi\ 


SiO J = 


1-0 u = 




9zL ^ 




1 7^? 1 78 


u.ouu 


06091 6 n 




SiO J = 


1-0 V = 


2 


29 8 

. (_) 


77 81 


4Q2 Q8 


280 


060216 




SiO J = 


1-0 V = 


o 


91 3 


10 93 


fi8 fil 


977 


060916 




SiO J = 


1-0 = 


4 






<^0 51 


958 


060916 

\J\J\J£j ±.\J .\J 




29SiO J = 


= 1-0 ^; = 


- 


90 5 


9 14 


Q Q1 


93Q 


060916 




3°SiO J = 


--1-Ov^ 


- 


1Q 7 


fi 91 


10 Ofi 


959 


060916 




SiO J = 


1-0 w = 


n 






<-1 98 


fi5fi 


06091 5 9 




SiO J = 


1-0 V = 


X 


— 1 8 


4 Q1 


10 98 


5fiO 


06091 5 9 




SiO J = 


1-0 = 


2 


—18 4 


4 Q1 


1 98 


775 


06021 5 9 




SiO J = 


1-0 V = 








<] 48 


748 


06091 5 9 




29SiO J = 


--l-Ov = 


- 






<-1 97 


fi48 


06091 5 9 




SiO J = 


1-0 V = 


n 






<^0 44 


998 


060916 




SiO J = 


1-0 = 


1 

± 


9 


171 74 


51Q 14 


94Q 


060916 




SiO J = 


1-0 V = 


2 


7 


fil 77 


938 45 


935 


060916 




29SiO J = 


= 1-0 = 


= U 


— i.i 


on 1 o 


Q o /I 


n on /I 


UoUziO.U 




30SiO J = 


= 1-0 V = 


= 


0.1 


1.78 


1.70 


0.236 


060216.0 


18035-2114 


SiO J = 


1-0 V = 









<0.14 


0.069 


060215.5 




SiO J = 


1-0 = 


1 


-34.5 


0.58 


2.04 


0.081 


060215.5 




SiO J = 


1-0 V = 


2 


-34.9 


0.43 


1.58 


0.079 


060215.5 




SiO J = 


1-0 = 


3 






<0.16 


0.083 


060215.5 




SiO J = 


1-0 V = 


4 






<0.15 


0.074 


060215.5 




29SiO J = 


= 1-0 = 


^ 






<0.13 


0.066 


060215.5 




30SiO J = 


= 1-0 ^; = 


= 






<0.15 


0.076 


060215.5 


18080-2238 


SiO J = 


1-0 V = 









<0.22 


0.114 


060215.5 
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Table 3 — Continued 



IRAS 


name 


transition 






-^pcak 


5" 


rms 


obs. date 










(km s~^) 


(K) 


(K km s-i) 


(K) 


(yymmdd.d) 






SiO J^l-Ov^ 


1 






<0.23 


0.119 


060215.5 






SiO 7^ — l-D 7) — 


9 








117 








<^iO T — ^-(^ 11 — 

oivy u — ± yj V — 


Q 
O 






9'i 


197 








QjQ T _ 1 n _ 

k J I V / ± W C/ — 


4 






<0 23 


114 


06091 5 5 






29o;q 7 _ 1 n „, _ 

kJlVy (7 X U (7 — 


- 






<{\ 90 


109 


06091 5 5 






30o;q t _ 1 n „, _ 

kJlVy (7 — X U C — 


- 






^0 94 


1 91 

U . X Z. X 


06091 5 5 


18135- 


-1456 


SiO J = 1-0 t> = 









<0.20 


0.101 


060219.4 






OIW (J — J. \J u — 


1 

X 


—4 7 


64 


1 00 

X .uu 

QQ 


060 
110 


04051 9 9 

WtiWiJ X Zi . Zi 

06091 Q 4 






7 — i_n 7! — 

kjivy (7 — J. yj u — 









\U. XZi 

<^0 95 


069 

106 
u. xuu 


04051 9 9 
06091 9 4 






QiQ T _ -i_n _ 


o 






<^0 94 


191 


06091 9 4 






c\r) J — in _ 

Olw U — A. \J U — 


4 






^0 99 


10Q 


06091 Q 4 






c;r) 7 _ o 1 „, _ 

kJl Vy (J — Zj X C — 


1 

X 






^0 14 

\U . XH: 


049 


04051 1 9 






C!;Q t _ o 1 „, _ 
Olw U — Zj X C — 


9 






^0 1Q 


055 


04051 9 9 






29c;r) 7 _ in _ 

OIW U — X L/C — 


- 






^0 1 1 

\U . X X 

^0 8Q 


09'^ 
OQQ 


04051 1 9 

WtzU U X X . Z( 

06091 Q 4 






29GiO 7 — 2-0 V - 


- 






<0 1 9 


055 


04051 2 2 






30GiO 7 — 1-0 7)- 


- 






<^0 91 


108 

u. xuo 


06091 9 4 


1 81 52- 


-091 9 




n 






<^0 1 1 


055 


06021 5 5 






olU J = i— U V = 




ZO.O 


n 1 
U.Oi 


1 Q 1 

i.oi 


n nFcn 


n^^noi 






SiO J = 1-0 = 


2 


28.6 


0.80 


2.21 


0.070 


060215.5 






SiO J = 1-0 t' = 


3 


29.4 


0.26 


0.48 


0.059 


060215.5 






SiO J = 1-0 f = 


4 






<0.11 


0.055 


060215.5 






29SiO J = 1-0 w = 


= 






<0.10 


0.051 


060215.5 






^^SiO J = 1-0 ^; = 


= 






<0.10 


0.053 


060215.5 


18199- 


-1442 


SiO J = 1-0 ^; = 









<0.20 


0.101 


060219.4 






SiO J = 1-0 = 


1 






<0.21 


0.108 


060219.4 






SiO J = 1-0 ^; = 


2 






<0.21 


0.109 


060219.4 






SiO J = 1-0 = 


3 






<0.24 


0.119 


060219.4 
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Table 3 — Continued 



IRAS name 


transition 






^peak 


5* 


rms 


obs. date 








/I 1 \ 

(km s ) 


(K) 


(K km s ^) 


(K) 


(yymmdd.dj 




Gio 7 — i_n 7! — 

oivy (7 — ± yj u — 


4 






<^0 91 


1 07 

u. xu / 


060219 4 

UUUZi Xc/ 




2^SiO / — 1-0 7j - 
oivy u — X u c — 


- 






<^n iQ 

*=^U. Xc/ 








30SiO 7 — 1-0 7) - 


- 

- yj 






\U.ZiX 


1 07 

u. xu / 


UUUZi Xc/ 


1 C231 —1112 


Q;r) T _ 1 n J, _ 

kJ 1 V / f7 X \J (.J 


n 






<0 20 


105 


060215 5 




c;q 7 _ 1 n „, _ 

kJlW u — ± \J u — 


1 

X 






<rO 21 


1 06 

U . X uu 


06021 5 5 




OIW (7 — X U C — 


9 






^0 90 


1 09 


06021 5 5 




OIW u — X u c — 


Q 






^0 99 


119 

U . X X 


06021 5 5 




OIW t/ — X U f — 


4. 






^0 90 


lO'^ 
u . xuo 


06021 5 5 




29SiO 7 — 1-0 7)- 


- 






^0 18 

\U. xo 


094 


06021 5 5 




3°SiO 7—1-0 7)- 


- 

- yj 






<^0 20 


099 

yj .yjijij 


06021 5 5 




GiO 7—1-0 7) — 


n 






^0 27 


1 39 


06021 5 5 

UUUZi XU .u 




GiO 7—1-0 7)- 

01V_/ (7 — X U (/ — 


X 






<^0 27 


1 35 
u. xou 


06021 5 5 

UUUZi XU .u 




Olw (7 — X U C — 


9 






^0 25 


197 

U . XZj 1 


06021 5 5 

xu .u 




kJl Vy (7 — X U C — 








<{\ 28 


149 


06021 5 5 
uuuzj xu .u 




k_>lW (7 — X U C — 


4 






^0 26 


1 '^l 

U . XO X 


06021 5 5 
uuuzj xu .u 




29c;q 7 _ 1 q „, _ 

kJi Vy (7 — X U C — 


- 






^0 9'\ 


1 1Q 

U . X X C/ 


06021 5 5 
uuuzj xu .u 




30q;q 7 _ 1 q 
kji vy (7 — X w f — 


- 






<0 27 


1 36 


060215 5 

\J\J\J^ XU . u 


icofiS— 1 1 17 


GiO 7—1-0 7) — 


n 






<{\ 20 


1 01 

yj . ±\j ± 


060219 4 

yjyjyj^ ±u .rt 




GiO 7—1-0 7) — 
oivy (7 — X u (/ — 


1 

X 






<^0 21 


1 06 

u. xuu 


060219 4 

UUUZi Xc/ 




SiO 7—1-0 7) — 


9 






<{\ 20 


103 


060219 4 




OlU J = 1-U f = 


O 

O 






<0.Z/ 


n 1 1 /I 
(J. 114 


OoOziy.4 




SiO J = 1-0 t> = 


4 






<0.22 


0.111 


060219.4 




29 SiO J = 1-0 V = 


= 






<0.19 


0.097 


060219.4 




^^SiO J = 1-0 V = 


= 






<0.20 


0.103 


060219.4 


18348-0526 


SiO J = 1-0 ^; = 





28.2 


0.42 


0.74 


0.071 


060215.5 


(V437 Set) 


SiO J = 1-0 = 


1 


29.9 


22.73 


88.43 


0.055 


040511.3 








27.3 


24.50 


86.91 


0.077 


060215.5 




SiO J = 1-0 = 


2 


28.6 


31.94 


160.19 


0.067 


040511.3 








26.8 


42.91 


187.78 


0.079 


060215.5 




SiO J = 1-0 = 


3 


30.2 


0.72 


2.75 


0.078 


040515.2 
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Table 3 — Continued 



IRAS name 


transition 






Tpeak 


5" 


rms 


obs. date 








(km s ) 


(K) 


(K km s ^) 


(K) 


/ 1 1 1 \ 

(yymmdd.dj 








27.5 


2.58 


8.08 


0.086 


060215 5 






A 






<'0 1 


077 


0fi091 




SiO 7^ — 9-1 7) — 


1 

X 


9'i 7 


"^7 


1 ^9 


04"^ 


040'i11 






2 






<0 19 


055 


040519 3 




29GiO 7 — l-fl 1) - 


- 


94 1 


7*^ 


1 99 


066 


06091 5 5 












^0 1 


097 


04051 9 9 




30c;;q t _ i n „, _ 
oiw u — ± \J u — 


- 






^0 14 


079 


06091 5 5 








9fi 8 


^0 


80 
u .ou 


055 


040510 9 


X o o c/ J- o 







—30 1 


66 


5 85 

U .OU 


067 


06091 5 5 


(V"\ 1 1 1 Onh"! 




1 

i 


—39 


8 Q8 


37 61 


069 


06091 5 5 




GiO 7 — 1-0 7) — 


9 


—31 


70 43 


1 99 47 


074 


04051 5 9 








—31 7 

OX . / 


4 1 7 


91 89 

ZiX .Ot7 


079 


06091 5 5 




GiO 7 — 1-0 7) — 




—34 4 


1 45 


1 79 


078 


04051 5 9 












^0 16 

\U . xu 


081 

U. UO X 


06091 5 5 

UUUZj XtJ .tJ 




CiO 7 — l-fl ?; — 


4 






<^0 14 

\U . XH: 


069 


06091 5 5 




29c;o 7—1-0 7)- 


- 


— '^9 


'^8 


1 78 

X . 1 O 


087 


04051 5 9 












<^0 19 

\U . XZ/ 


064 


06091 5 5 

UUUZj x?j .u 




SOGjO 7 — 1-0 7) - 


- 

— KJ 






<0 14 


069 


060215 5 


1 S'^S?— 0493 


GiO 7 — 1-0 7) — 









<^0 1 5 

\U. xu 


076 


060919 5 




GiO 7 — 1-0 7) — 


1 

X 


48 Q 

t:0. C7 


14 OQ 


70 1 9 


086 


060919 5 




olU J = i— U V = 


Z 


4o.o 


o.zo 


zo.oU 


\j.\Ji i 


UoUziy.O 




SiO J = 1-0 t; = 


3 


48.9 


0.71 


1.18 


0.087 


060219.5 




SiO J = 1-0 t' = 


4 






<0.15 


0.077 


060219.5 




29 SiO J = 1-0 V = 


= 


48.6 


0.49 


0.98 


0.071 


060219.5 




30SiO J = 1-0 ^; = 


= 


48.8 


0.49 


0.55 


0.081 


060219.5 


18413+1354 


SiO J = 1-0 ^; = 


1 


-16.8 


11.37 


56.20 


0.095 


040511.3 


(V837 Her) 


SiO J = 1-0 ^; = 


2 


-16.7 


7.87 


39.08 


0.116 


040511.3 




SiO J = 1-0 = 


3 


-20.5 


0.48 


1.53 


0.053 


040515.2 




SiO J^2-lv^ 


1 


-16.7 


3.64 


16.09 


0.076 


040511.3 




SiO J^2-lv^ 


2 






<0.12 


0.036 


040512.3 
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Table 3 — Continued 



IRAS name 


transition 






^peak 


S 


rms 


obs. date 








(km s ) 


(K) 


(K km s ^) 


(K) 


/ 1 1 1 \ 

(yymmdd.dj 




^^SiO 7 — 1-0 7) - 


- 

- yj 


±0.0 


39 


9 14 


093 

yj .yj^o 


04051 5 9 




2^SiO T — 9-0 7j - 
oivy u — Zi u 1/ — 


- 

- yj 






<rO 19 


u.uou 


nzLO'^i 9 

U^UOXZi.O 








—18 7 


4 fi3 


99 96 

ZZ . ZW 


0^9 
yj .yjo^ 


040^1 9 
yj^yjo j-yj . ^ 


18432-0149 


SiO J = 1-0 t; = 









<0.17 


0.086 


060218.5 


fVI "^fiO Anil 


GiO / — l-D 7) — 


1 

J. 


UC/ .Z 


4 S4 


1 4 4^ 


047 


04051 Q 9 

UtiUO X C/. Zj 








fi8 S 
uo .0 





^fi 


0Q7 


0fi091 8 5 
uuuz X 0. 




c;r) 7 _ If) _ 

oiw u — ± yj u — 


9 


fi8 


44 

VJ . tit: 


9S 08 


044 


04051 8 9 

UtiUO XO. Z 








fiQ fi 


fiQ 

W . L/t7 


1 70 

X . 1 w 


0Q5 

W . W t70 


0fi021 8 5 




SiO 7—1-0 7! — 
oiw u — ± yj V — 


Q 



RR 7 
uo. / 


97 


R7 

<o 20 


047 
103 


040^1 R 9 
06021 8 5 




GiO 7—1-0 7) — 


4 






<^0 90 


OQQ 


0fi0918 5 




GiO 7 — 9-1 7) — 









<^0 13 


038 
u.uoo 


04051 Q 9 




29SiO 7—1-0 7)- 


- 






<-0 19 

\U . XZj 

^0 1 7 


095 
08fi 


04051 Q 9 

UtiUO X c/. Zi 

0fi091 8 5 
uuuz X 0. 




290] o T — 2-0 V - 


- 






<0 13 

\ W . XO 


037 

W . WO 1 


04051 Q 2 




30c;o 7 — l-D 7) - 
kjiw (7 — X yj u — 


- 






<^0 1Q 

\U . Xc/ 


0Q7 


0fi091 8 5 

UvJUZ X 0. 




T~foO (Si c — Fin o 




55.2 


0.23 


0.28 


0.062 


040510 2 


1 0450-0148 

±Urt\J\J yj ±rtU 


QiQ 7 _ If) _ 
kjivy (7 — ± \j u — 


1 

X 


41 4 


Ifi 


38 

0. 0(J 


037 


(140514 2 


I V V t:0 1 


GiO 7—1-0 7) — 

oivy (7 — ± yj u — 


9 






^0 08 


049 


040514 9 




GiO 7—1-0 7) — 








<^0 13 


0fi3 


040590 9 




OlU J = z— i f = 



Z 






1 
<U.iZ 


n no 






29SiO J = 1-0 = 


= 






<0.08 


0.017 


040514.2 




29SiO J = 2-0 V = 


= 






<0.12 


0.035 


040514.2 




H2O 61,6-62,3 




35.2 


45.38 


103.62 


0.126 


040510.3 


18488-0107 


SiO J = 1-0 V = 









<0.15 


0.079 


060218.5 


(V1363 Aql) 


SiO J = 1-0 = 


1 






<0.15 


0.078 


060218.5 




SiO J = 1-0 ^; = 


2 


75.4 


0.66 


2.43 


0.080 


060218.5 




SiO J = 1-0 = 


3 






<0.18 


0.089 


060218.5 




SiO J = 1-0 = 


4 






<0.16 


0.083 


060218.5 




29SiO J = 1-0 = 


= 






<0.15 


0.075 


060218.5 
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Table 3 — Continued 



IRAS name 


transition 






^peak 


5* 


rms 


obs. date 








(km s ) 


(K) 


(K km s ^) 


(K) 


/ 1 1 1 \ 

(yymmdd.dj 




^°SiO 7 — 1-0 7) - 


- 






^0 16 

\U. xu 


083 
u.uoo 


060918 5 

UUUZi xo.u 




Oi^6 02,3 




uo.u 


"il 


X .uu 


u.uuo 


040'i17 9 


iQ4qc_nni7 


SiO 7—1-0 7) — 


o 

u 






\U. x^ 


U.U 1 u 


0fi091 5 5 

UUUZi XU .u 


(v^'^P>F> An]) 


QJQ T _ 1 n _ 

kJivy fj — ± w c/ — 


1 

X 


\J X . X 


1 03 


1 46 


085 


060215 5 

uuu^j xu . u 




o;q 7 _ 1 n „, _ 

kJlW (7 — X U C — 


9 


fiO 7 


Aj. XVJ 


4 55 

'-ti.OO 


1 9Q 

U . X ZjC/ 


0fi091 5 5 

UUUZ, X u . u 




OIW (7 — A. \J U — 


o 


UX . C/ 


'^Q 


5*^ 


089 


06091 5 5 

UUUZ, X u . u 






A 






^0 1 5 


075 


0fi091 5 5 
uuuzj xu .u 




29q;q 7 _ 1 q 


- 






<0 12 


064 

U . UUt: 


060215 5 

uuu.^ xu . u 




3°SiO 7—1-0 7)- 


- 






^0 14 

*^U. X^ 


073 

U.U / o 


06091 5 5 

UUUZi XU .u 


±00\JiJ uuxo 


SiO 7—1-0 7) — 


o 

u 






^0 16 

\U. xu 


089 

U.UOZi 


0fi0918 5 

UUUZi xo.u 




Gio 7—1-0 7)- 


1 

X 






<^0 16 

\U. xu 


089 

U.UOZi 


0fi0918 5 

UUUZi xo.u 




SiO 7—1-0 7) — 


9 




fi3 


1 48 


0Q8 

U.Uc/O 


060918 5 

UUUZi xo.u 




kJlW (7 — A. \j U — 


Q 


37 1 

O / . X 


1 3fi 

X .ou 


4 04 


105 

U . XU^J 


0fi0918 5 

UUUZj xo .u 




Q\r\ 7 _ 1 n „, _ 

kJlW (7 — X U (7 — 


4 






^0 IQ 

\U. Xc/ 


0Q7 

U .Uc/ 1 


0fi0918 5 
uuuzj xo .u 




29q;q 7 _ 1 q 


- 






<0 16 

\ W . XU 


082 


060218 5 

UUU^ X o . u 




30c;q 7 _ 1 n „, _ 

kJlW (7 — X U (7 — 


- 






^0 IQ 

\U . XC/ 


OQfi 

U .UC/U 


0fi0918 5 
uuuzj xo .u 


±001. 1 n^uuo 1 


kJl V7 (7 — X U f — 


n 






■cO IQ 

\U . Xc/ 


OQQ 


0fi0918 5 
uuuzj xo .u 




GiO 7 _ If) _ 

kJlVy (7 i L/ (7 — 


1 

X 






^0 21 

\ U. X 


108 

U . X U(J 


060918 5 

yjyjyj^ xtj .u 




SiO 7—1-0 7) — 

oivy (7 — X u c — 


9 


9Q Q 


53 


9 10 

. XU 


1 09 

U. XUZi 


060918 5 

UUUZi xo.u 




GiO 7—1-0 7)- 








■^0 99 


113 


0fi0918 5 




OlU J = i-U V = 


/I 
4 






<0.2i 


O.iOo 


OoOzio.o 




29SiO J = 1-0 = 


= 






<0.18 


0.092 


060218.5 




30SiO J = 1-0 t' = 


= 






<0.21 


0.107 


060218.5 


18525+0210 


SiO J = 1-0 f = 









<0.09 


0.047 


060218.5 




SiO J = 1-0 v = 


1 


71.2 


0.32 


0.43 


0.046 


040519.2 








73.2 


1.64 


5.53 


0.056 


060218.5 




SiO J = 1-0 ^; = 


2 


71.7 


0.84 


2.38 


0.040 


040518.2 








71.5 


2.54 


11.39 


0.058 


060218.5 




SiO J = 1-0 ^; = 


3 


72.8 


0.20 


0.61 


0.042 


040518.2 








74.0 


0.33 


1.03 


0.057 


060218.5 
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Table 3 — Continued 



IRAS name 


transition 




^pcak 


5" 


rms 


obs. date 






(km s j 


/T7-\ 

(K) 


(K km s ^) 


(K) 


/ 1 1 1 \ 

(yymmdd.dj 




Gio 7 — l-fl 7) — 4 






<^n 1 


n 053 


060218 5 




SiO T — 9-1 7j — 9 






14 


U.UOc/ 


04051 Q 2 




29Qio / — 1-0 7j — n 

oivy (7 — J. \j u — u 






1 2 


n 025 


04051 Q 2 










<(] 10 


050 


060218 5 




29q;q 7 _ 2_n 7; — n 
k J i V y — ^ yj u — w 






<0 1 3 


037 


04051 Q 2 

UtiW^J X i7 . Zj 




30q;q 7 _ 1 q _ n 

k J ivy — X w c — vj 






\ W . X X 


053 


060218 5 




rL2W Ui g 02,3 








054 


04051 7 2 

UtiUU X I .Z 




Q\Q 7 _ 1 n „, _ 1 

OIW (7 — ± U f — -L 


47 7 


J. . J.O 


4 '^Q 


045 


04051 Q 




kjivy (7 — ± yj u — Zi 


4Q 7 


1 fiQ 


3 Q2 


OfiQ 


040518 3 
Urtuu ±0.0 




GiO 7 — l-fl 7) — 3 


47 Q 


n 4fi 


n 47 


071 


040518 3 

UtiUU ±0.0 




GiO 7 _ 01 7,-2 






<^0 12 


035 


04051 Q 3 




29c;r) T _ If) _ f) 

kJlW (7 — X U (/ — U 






<^n 1 2 

\U. xz 


025 


04051 Q 3 




29o;Q 7 _ Of) 7, _ f) 






12 

\U . XZ 




04051 Q 




ui^6 02,3 






20 

\U .zu 


074 


04051 7 S 


1 8540-1-0302 


kJ ivy (7 — X W (7 — w 






<0 1 5 


078 


06021 8 5 

WVJ WZj XCJ . w 




c;r) 7 _ 1 f) _ 1 




± .uo 


DQ 

U. UC/ 


051 


04051 Q 

UtzUtJ Xc/ .0 






1 nn 1 


n 57 


n Q5 


087 


060218 5 
vjuuz ±0.0 




GiO 7 — 1-0 7) — 2 


102 Q 


1 44 

i . J. J. 


5 7fi 

(J. 1 W 


Ofifi 


040520 2 






101 7 


fifi 


2 47 


083 


060218 5 

yjyjyj^ xtj .0 




GiO 7 — 1-0 7) — 3 






<rO 1 3 


Ofifi 


040520 2 










<U.io 


u.uyu 


UoUzio.O 




SiO J = 1-0 u = 4 






<0.17 


0.087 


060218.5 




SiO J = 2-1 V = 2 






<0.15 


0.044 


040519.3 




29SiO J = 1-0 V = 


102.1 


0.12 


0.30 


0.028 


040519.3 










<0.15 


0.075 


060218.5 




29SiO J = 2-0 ^; = 






<0.15 


0.043 


040519.3 




3°SiO J = 1-0 ^; = 






<0.17 


0.086 


060218.5 


18545+1040 


SiO J = 1-0 = 1 


51.1 


0.64 


1.35 


0.056 


040519.3 




SiO J = 1-0 ^; = 2 


50.4 


0.48 


1.20 


0.072 


040519.3 




SiO J = 1-0 = 3 






<0.10 


0.049 


040518.3 
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Table 3 — Continued 



IRAS name 


transition 






^peak 


5* 


rms 


obs. date 








(km s ) 


(K) 


(K km s ^) 


(K) 


/ 1 1 1 \ 

(yymmdd.dj 




Gio 7 — 9-1 7) — 


9 






<^0 Ifi 

\U. xu 


04fi 


04051 Q 3 

UrtUU XC/.O 




^^SiO 7^ — 1-0 7j - 
oivy (7 — X u 1/ — 


- 

- yj 






<'0 14 




U^UU Xe7.0 




kJlVy (7 Z L/ c — 


- 






<0 Ifi 

\ \J . X.\J 


04fi 


UrtUU X t7 .U 




112V7 Ui 5 tJ2,3 








<0 1Q 

\ W . X i7 


070 


04051 7 3 


1 8^:40-1-0908 

J. O U t: C/ u o 


CiQ 7 _ in _ 
kJlW u — ± \J u — 




\J 








1 OS 


060918 5 
uuuzj xo .u 




OIW (7 — ± U (7 — 


1 

X 






^0 91 

\ W. zj X 


1 OQ 


060918 5 
uuuzj xo .u 




kJlW (7 — ± \J U — 


9 

Zf 


1 U. 1 


5Q 


1 fiO 

X . uu 


110 
u . X xu 


060918 5 
uuuzj xo .u 




OIW (7 — ± U f — 








<{\ 94 


199 

U . X ZjZj 


060918 5 

UUUz/ xo.u 




C\Q T _ If) _ 
oivy (7 — ± yj u — 


4 






^0 93 


115 

u. X xu 


060918 5 

UUUZi XO.U 




^^SiO J = 1-0 f = 


= 






<0.20 


0.101 


060218 5 




^°SiO 7—1-0 7)- 
oivy (7 — ± yj u — 


- 

- yj 






<^0 93 


115 

u. X xu 


060918 5 
uuuzi xo.u 


J- O U t? J- u u 


SiO 7—1-0 7) — 


1 

X 


1 4 


3 90 


1 31 


Ofifi 
u.uuu 


04051 Q 3 




kJlW (7 — A. \J U — 




—0 


1 1Q 

X . Xt? 


4 Q8 


0Q9 


040519 '\ 

UtiUU X C/ .U 




OIW (7 — A. \J U — 








^0 10 
\U. xu 


059 

U .UUzj 


040518 '\ 

UtiUU xo.u 




c;r) 7 _ o 1 „, _ 

kJl Vy (7 — Zj X (7 — 




Zf 






^0 1Q 

\U. Xc/ 


054 

U .UUt: 


040519 '\ 

UtiUU Xc/ .U 




29c;r) 7 _ 1 n „, _ 

kJlW (7 — X U (-/ — 


- 






^0 18 

\U. xo 


O'^fi 
u .uuu 


04051 9 '\ 

Ut:UU X C/ .U 




29c;;q 7 _ on „, _ 


- 






^0 18 

\U. xo 


054 

U .UUt: 


040519 '\ 

UtiUU Xc/ .U 




SiO 7 — 1-0 7) — 









<^0 1Q 


OQfi 


060217 5 


fVI 3fi7 Anl"! 


GiO 7 — 1-0 7) — 


1 

X 






<^0 91 


1 05 

u. xuu 


0fi0917 5 

UUUZi X / .u 




GiO 7 — 1-0 7) — 









<^0 90 


1 04 


060917 5 




olU J = i— U f = 


Q 
O 






<U.Z/ 


U.iio 


UoUzi r .0 




SiO J = 1-0 = 


4 






<0.21 


0.106 


060217.5 




29 SiO J = 1-0 V = 


= 






<0.18 


0.091 


060217.5 




30SiO J = 1-0 V = 


= 






<0.21 


0.105 


060217.5 


19065+0832 


SiO J = 1-0 V = 









<0.14 


0.070 


060215.5 




SiO J = 1-0 ^; = 


1 






<0.13 


0.068 


060215.5 




SiO J = 1-0 ^; = 


2 


53.0 


0.42 


0.81 


0.072 


060215.5 




SiO J = 1-0 = 


3 






<0.15 


0.074 


060215.5 




SiO J = 1-0 = 


4 






<0.14 


0.072 


060215.5 




29SiO J = 1-0 = 


= 






<0.12 


0.061 


060215.5 
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Table 3 — Continued 



IRAS name 


transition 






^peak 


5* 


rms 


obs. date 








(km s ) 


(K) 


(K km s ^) 


(K) 


/ 1 1 1 \ 

(yymmdd.dj 




^°SiO 7 — 1-0 7) - 


- 






^0 1 

\U. xu 


074 

U.U / 


06091 5 5 

UUUZ XU .u 




SiO 7 — 1-0 7) — 


n 






^0 14 


n 071 

U.U / X 


UUUZ xu .u 


(V"\ 3fi8 An]) 


SiO 7—1-0 7) — 


1 

X 


fi3 1 

UO. X 


1 38 

X .oo 


3 94 


u.uuu 


UrtUU X X .o 








61 5 


74 


1 57 


080 

w . wou 


06091 5 5 

UUUZ X u . u 




GiO 7—1-0 7) — 





69 9 


9 44 

Z . tit: 


8 99 


076 

U .U 1 u 


04051 1 S 

Ut:UU X X .U 








69 


84 


9 88 

Z. OO 


087 

U .UO 1 


06091 5 5 

UUUZ ±o .o 




kji t/ — ± yj u — 




62 1 


50 


93 


085 

u . wou 


04051 5 3 

UtiWU X U . U 












^0 16 

\U . XU 


081 
u .uox 


06091 5 5 
UUUZ xu .u 




c\r) T _ If) _ 
oivy u — ± yj u — 


4 






^0 1 5 

\U. xu 


073 

U.U / o 


06091 5 5 

UUUZ XU .u 




GiO 7 — 9-1 7) — 


1 

X 


63 3 


33 


1 1 1 

X . X X 


048 

U.UrtO 


040511 3 

UrtUU X X .o 




GiO 7 — 9-1 7) — 









<^0 1 5 

\U. xu 


043 


040519 3 

UtiUU XZ .O 




^^SiO 7—1-0 7)- 


- 


63 1 

UO. X 


94 


64 


016 
u.uxu 


040519 3 

UrtUU xz .o 












^0 1'? 
\U . xu 


067 

U.UU 1 


06091 5 5 

UUUZ xu .u 




29CiQ 7 — 9-0 7) - 


- 


6"^ 


"^0 


69 

u. uz 


04'? 

U .UtiO 


04051 9 

UtiUU XZ .U 




SOcjiQ 7 _ 1 n „, _ 

kJlW (7 — ± \J U — 


- 






^0 14 

\U . XH: 


070 

U .U 1 u 


06091 5 5 
UUUZ xu .u 












<(] 19 


070 

U . U 1 u 


040510 3 

UtiUU xu . U 




OIW (7 — X U f — 


n 






<'0 14 

\U . XH: 


079 

U .U 1 z 


06091 5 5 
UUUZ xu .u 




GiO 7—1-0 7) — 

kjivy (7 — X u c — 


1 

X 






^0 1 5 

*^U. XU 


079 

U.U / Zf 


06091 5 5 

UUUZ XU .u 




SiO 7—1-0 7) — 
oivy (7 — X u c — 


9 


41 9 

rtX .z 


43 


63 
u.uu 


074 

U.U / 


06091 5 5 

UUUZ XU .u 




GiO 7—1-0 7) — 


'X 
t_> 






<^0 16 


080 


060215 5 




OlU J = i— U V = 


4 






<U.iO 


U.U 10 


UoUziO.O 




29SiO J = 1-0 = 


= 






<0.13 


0.067 


060215.5 




30SiO J = 1-0 V = 


= 






<0.15 


0.078 


060215.5 


19126-0708 


SiO J = 1-0 f = 


1 


-21.9 


8.40 


10.09 


0.046 


040519.2 


(W Aql) 


SiO J = 1-0 ^; = 


2 






<0.12 


0.059 


040519.2 




SiO J = 2-1 ^; = 


2 






<0.13 


0.038 


040519.2 




29SiO J = 1-0 ^; = 


= 






<0.12 


0.025 


040519.2 




^^SiO J = 2-0 = 


= 






<0.14 


0.039 


040519.2 


19128+0910 


SiO J = 1-0 ^; = 









<0.20 


0.101 


060217.7 




SiO J = 1-0 = 


1 






<0.20 


0.103 


060217.7 
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Table 3 — Continued 



IRAS name 


transition 






^peak 




rms 


obs. date 








/I —1 \ 

(km s ) 


(K) 


(K km s ^) 


/T7-\ 

(K) 


/ 1 1 1 \ 

(yymmdd.dj 






9 






<^0 91 


n 105 

yj. xL/u 


0fi091 7 7 

L/UL/ZiX / . / 




^iO J — 1-0 7j — 


Q 







<rn 99 


U. X xo 


0^091 7 7 




SiO 7 — 1-0 n — 








91 


10R 
u. xuo 


0R091 7 7 




29q;q t _ 1 q 

kJ IV/ fJ ± \J u — 


- 






<0 18 

\ W . X (J 


HQS 






30q:q 7 _ in.,- 


- 

- L/ 






<0 91 

\ L/ . Zj X 


107 

W. XW 1 


06091 7 7 




^1,6 ^2,3 




Xtj. 


1 9 90 


ZjU. xo 


n 080 


04051 Pi 9 


iqiq9_i_nq99 




1 

J- 




C/ .uo 




n 085 


04051 1 S 




c\r\ J — in „, _ 

OIW U — J. \J u — 


9 


— fiQ 4 


8 Q9 


91 fi7 


199 

yj. 


04051 1 




mo T — ^-0 n — 

iDlKJ d — i- \J V — 


Q 



— fiQ 4 


1 94 


9 1Q 


n infi 

u. ±uu 


040^1 ^ 




GiO 7 — 9-1 7) — 


1 




1 38 

X .00 


4 44 


n 075 
yj.yj 1 


L/rtUUX X .0 




GiO 7 — 9-1 7) — 


9 






<^0 1 1 

\L/. X X 


039 


04051 9 3 




29g]0 7 — 1-0 7; - 


- 

- L/ 


—70 1 

1 L/ . X 


fi4 


1 fifi 

X .L/L/ 


04fi 

L/. L/rtL/ 


04051 1 3 

L/rtL/O X X . (J 




29q:q t _ 2_n 7, - 


- 






<0 1 1 

\ W . X X 


039 


04051 9 3 

WT:L/tJ X Zi . 




^1,6 ^2,3 






9 4fi 


8 ^fi 


OQfi 


04051 9 

Ut:UU XU. Z/ 


VV O J- 


c;r) 7 _ in _ 

01 W (7 — L \J U — 


1 

X 


4Q 9 


U .U 1 


X .UtJ 


Ofi5 


04051 9 

X Z. 




C^Q T _ 1 n „, _ 


9 


4Q 9 


n Qi 


9 87 

z .0 1 


07Q 


04051 9 9 

Wt:W U X Z . Z 




q;Q 7 _ in „, _ 

OIW (7 — J. U f — 









\U . XiJ 


07fi 


04051 5 




GiO 7 — 2-1 7) — 


9 






<a 21 

\ L/ .Z X 


OfiO 

yj.yjyjyj 


04051 2 3 

L/rtL/O X Z . 




29GiO 7 — 1-0 7; - 


- 

- L/ 






<^0 23 

\ L/ .Z(J 


048 


04051 2 3 

L/rtL/O X Z . 




29GiO 7 — 2-0 7; - 


- 

- L/ 






<^0 21 


OfiO 


04051 2 3 








oi.y 


ZO/.44 


oy/o.io 


n 1 

U. ioo 


n/incii R 9 


19231+3555 


SiO J = 1-0 t> = 


1 


-22.2 


0.24 


0.59 


0.054 


040514.3 




SiO J = 1-0 V = 


2 


-25.0 


1.19 


2.04 


0.064 


040514.3 




SiO J = 1-0 = 


3 






<0.11 


0.054 


040515.3 




SiO J = 2-1 V = 


2 






<0.15 


0.044 


040514.3 




29SiO J = 1-0 ^; = 


= 






<0.13 


0.026 


040514.3 




29SiO J = 2-0 ^; = 


= 






<0.15 


0.044 


040514.3 




H2O 6i,6-52,3 








<0.13 


0.048 


040516.3 


19252+2201 


H2O 6i,6-52,3 








<0.12 


0.045 


040516.2 


19254+1631 


SiO J = 1-0 = 









<0.11 


0.058 


060215.5 
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Table 3 — Continued 



IRAS name 


transition 






^pcak 


5" 


rms 


obs. date 








(km s j 


(K) 


(K km s ^) 


(K) 


/ 1 1 1 \ 

(yymmdd.dj 




Gio 7 — i_n 7! — 

oivy (7 — J. yj u — 


1 

J. 


3 
yj .0 


Q1 


3 38 

0.00 


038 


040511 3 

UrtUU X X .0 








—0 7 


fiQ 


9 84 


071 


uuuzi xu .u 




GiO 7 — l-fl 1) — 


9 





8Q 

yj .Oij 


4 79 


045 


UtiUU X X .0 








—0 1 


1 00 

X . w w 


5 14 


OQfi 


06021 5 5 




kjivy u — ± yj u — 




3 


34 


38 


054 


04051 8 3 








1 

(J. X 


'^1 
yj .0 ± 


n '^4 


n 058 


0fi091 5 5 




c;q 7 _ 1 n _ 

kJlW u — ± \J (J — 


A 






\U . X u 


059 


0fi091 5 5 




q;q 7 _ 2-1 7; — 


1 

J. 


1 Q 

X . u 


15 


fiQ 


030 


04051 1 3 




29SiO 7 — 1-0 7)- 

oivy (7 — J- yj u — 


- 

- yj 


7 


1 9 


fi9 


01 Q 

U.UX t7 


040511 3 

UrtUU X X .0 








—0 9 


1 fi 

u. xu 


53 


047 


0fi091 5 5 




3°SiO 7—1-0 7)- 
oivy u — X yj u — 


- 

- yj 






<rO 1 

*^U. XU 


059 


0fi091 5 5 

UUUZi XU .u 




Ui^6 U2,3 








<^0 1 Q 


OfiQ 


040510 3 


i kJ \ J. tJ A. A. 


k J i V / rj A- \J U 


n 

yj 






<0 28 


143 


060915 5 

\j\J\j^ XU . u 




GiO 7—1-0 7) — 


1 

J. 






^0 19 

\U . XZj 


05Q 


040514 












^0 '^O 


1 5^^ 
u. ±00 


0fi091 5 5 
uuuzj xu .u 




OIW tj — J. u c — 




98 Q 


4Q 


1 80 


05S 


040590 9 












<0 30 


153 


060915 5 

wuw.^ xu . u 




GiO 7—1-0 7) — 




98 


39 

yj .kj^ 


43 


053 


040590 9 

U^UUZU .z 












<^0 33 


1fi8 

yj. xuo 


0fi091 5 5 

UUUZi XU .u 




GiO 7 — 1-0 7) — 


4 






<^0 30 


149 


060915 5 




c;o 7 01^. 
oiU J = z— i V = 


z 






<U.i / 


U.U4o 


U4Ut)i4.o 




29SiO J = 1-0 ^; = 


^ 






<0.14 


0.029 


040514.3 












<0.26 


0.131 


060215.5 




29SiO J = 2-0 = 


= 






<0.17 


0.048 


040514.3 




30SiO J = 1-0 w = 


= 






<0.29 


0.150 


060215.5 


19295+2228 


SiO J = 1-0 = 









<0.09 


0.048 


060215.6 




SiO J = 1-0 V = 


1 


-72.4 


0.77 


1.81 


0.063 


060215.6 




SiO J = 1-0 = 


2 


-72.4 


1.04 


3.33 


0.080 


060215.6 




SiO J = 1-0 ^; = 


3 






<0.11 


0.054 


060215.6 




SiO J = 1-0 = 


4 






<0.10 


0.050 


060215.6 
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Table 3 — Continued 



IRAS name 


transition 






^pcak 


5" 


rms 


obs. date 








/I —1 \ 

(km s j 


(K) 


(K km s ^) 


(K) 


/ 1 1 1 \ 

(yymmdd.dj 




^^SiO 7 — 1-0 7) - 


- 






^0 09 


04fi 


0fi091 5 fi 

uuuz xu .u 




30GiQ 7 _ If) _ 


- 






<0 10 


052 


060215 6 




7 — i_n 7! — 

kjivy (7 — ± u c — 


1 

X 


50 fi 


1 8 

u. xo 


fi7 


039 


040514 3 




c;q t _ 1 n „, _ 

kJivy f7 — ± U (/ — 


9 


35 fi 


40 


1 77 

X . 1 1 


048 


040514 '\ 




c;q 7 _ 1 n _ 

kJlW U — X U (/ — 








^0 08 


049 


04051 5 '\ 






2 






<0 1 2 


034 


040514 3 




29c;q t _ 1 n „, _ 

kJlW U — A. \J U — 


- 






^0 OQ 


01 Q 


040514 S 




29c;;q t _ on „, _ 


- 






■cO 1 9 

XZ/ 


0'^4 


040514 '\ 








33 3 


4 3fi 


1 3 53 

X(J .tJ(J 


059 


040510 3 

L/rtL/O XL/ .(J 




QiQ 7 _ If) _ 


1 

X 






<^0 28 


141 

\J . Xrt X 


040519 3 

L/rtL/O X t7 .(J 




GiO 7 — 1-0 7) — 
oivy (7 — ± u (/ — 


9 






<^0 3fi 


184 


04051 Q 3 

L/rtUU Xt? .0 




C.Q T _ 9_-| „, _ 


9 






<^0 41 


118 

u. X xo 


040519 3 

L/rtUU Xt? .0 




29o;q 7 _ 1 n _ 

kJlW (7 — X U C — 


- 






^0 

\U .00 


077 


04051 Q 

\j'-±\JO Xc/ .0 




290-Q 7 _ on _ 


- 






^0 40 


117 

U. X X 1 


04051 Q 

UtzUtJ Xc/ .0 




c;r) 7 _ 1 n _ 

OIW (7 — X U C — 


9 


xu.o 


77 


9 75 
z. I 


OQfi 


040590 




kJlW (7 — X U (7 — 








\U . X C/ 


OQS 


040590 '\ 




29q;q 7 _ 1 q 
kji vy (7 — X \j u — 


- 


— 1 fi fi 

X \J . \J 


15 

W . X t7 


40 


035 


040520 3 

L/tiW^JZW . 'J 












<{\ 23 

\ L/ .Z(J 


085 


040510 3 

L/rtL/O XL/ .(J 




oivy (7 — X u (/ — 


1 

X 


—47 


3 1 

0. xu 


10 97 


069 


040511 3 

L/rtUU X X .0 




GiO 7—1-0 7!- 


9 


— 4fi 5 


4 79 


14 31 


081 

u.uox 


040511 3 




7 1 n T> 


Q 


/ion 
— 4o.U 


n 

U.OO 


1 on 


n n^/1 
U.U ( 4 


n/1 np; 1 q 
U4Ut)i0.o 




SiO J = 2-1 V = 


1 


-51.0 


0.83 


4.32 


0.052 


040511.3 




SiO J = 2-1 f = 


2 






<0.10 


0.029 


040514.3 




29SiO J = 1-0 = 


= 






<0.09 


0.018 


040514.3 




29SiO J = 2-0 = 


= 






<0.10 


0.029 


040514.3 




H2O 61,6-52,3 




-48.9 


1.43 


12.41 


0.076 


040510.3 


19440+2251 


SiO J = 1-0 ^; = 









<0.17 


0.090 


060217.5 




SiO J = 1-0 = 


1 


-8.2 


0.59 


1.21 


0.100 


060217.5 




SiO J = 1-0 ^; = 


2 


-8.2 


0.82 


1.75 


0.105 


060217.5 




SiO J = 1-0 = 


3 






<0.21 


0.108 


060217.5 
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Table 3 — Continued 



IRAS name 


transition 








5" 


rms 


obs. date 








(km s ) 


(K) 


(K km s ^) 


(K) 


(yymmdd.dj 




Gio 7 — i-fi 7) — 


4 






<^0 90 


103 

u. xuo 


060917 5 

UUUZi X / .u 




^^SiO / — 1-0 7j - 
oivy u — ± \j u — 


- 






<rO 1 6 


u.uoo 


UUUZi X / .(J 




^OfiiO 7 — l-fl 7) - 
oivy (7 — X yj u — 


- 

- yj 






<^0 1 Q 


U.Uc/U 


080917 ^ 

UUUZi X / .u 









q 4 


83 

W . (JO 


4 76 


075 


06021 7 5 

WU WZj X 1 . 






1 

J. 


q 4 


67 


6 90 


066 
u. uuu 


040514 S 








8 6 


7 88 


97 1 9 


079 


06091 7 5 




GjO 7 _ If) _ 


2 

Zj 






<0 1 5 

\. W . X 


078 


040514 3 

WtiWO Xt: . 








7 9 


1 1 ^^9 

X X .\JZj 


9 88 


075 

U. U 1 


06091 7 5 

UUUZj X / .0 




GiO 7 — 1-0 7) — 








^0 1 Q 
<^0 1 7 


0Q4 

085 
u.uou 


040518 3 

Ut:UU XO.O 

060917 5 

UUUZi X / .u 




GiO 7 — 1-0 7) — 


4 






^0 1 6 

\U. XU 


080 

U.UOU 


060917 5 

UUUZi X / .u 









1 7 

xu. / 


1 1 

X . XU 


3 33 

0.00 


059 


040514 3 




29c;q 7 _ 1 n _ 

kJlW U — A. \J U — 


- 


8 7 


'^8 
u .00 


67 

U.U 1 


070 

U. U 1 u 


06091 7 5 

UUUZj X 1 .0 




29c,-Q T _ on „, _ 


- 


7 9 

/ .Z 


94 


1 64 

X . Ut: 


059 

U. UOc/ 


040514 '\ 




30q:q 7 _ 1 n „, _ 
k J ivy — ± \j u — 


- 






<0 1 6 

\. W . X u 


082 


06021 7 5 

WU WZi X 1 . 




CjQ 7 _ i_n „, _ 

k J ivy — X w (y — 


1 

X 


—20 5 


1 26 


4 90 

t: . ty W 


047 


04051 1 3 

Wt:VJO X X . 




q;Q 7 _ in „, _ 

kJl Vy (7 — ± yj U — 


2 


—91 9 


1 '^0 


5 50 

.OK) 


061 

U. UU X 


04051 1 S 

UtiUO X X .0 




GiO 7—1-0 7) — 


'\ 






<0 08 

\ U .U(J 


040 

U. UrtU 


040515 3 

UrtUO X(J .0 




GiO 7 — 9-1 7) — 


1 

X 


—99 9 

ZZ .Z 


98 


1 37 

X .0 / 


040 

U.UrtU 


040511 3 

UrtUU X X .0 




GiO 7 — 9-1 7) — 


2 






<^0 1 Q 


054 


040519 3 




29c;o 7 1 n 
oiU J = i— U V = 


n 
= U 






^n 1 


n no A 


n/1 np; 1 1 q 
U4U0ii.o 




29SiO J = 2-0 u = 


- 






<0.19 


0.055 


040519.3 




H2O 6i,6-52,3 








<0.19 


0.070 


040510.3 


19508+2659 


H2O 6l6-52,3 




6.3 


0.42 


2.75 


0.083 


040516.3 


19576+2814 


SiO J = 1-0 ^; = 









<0.18 


0.090 


060217.5 




SiO J = 1-0 = 


1 






<0.19 


0.095 


060217.5 




SiO J = 1-0 V = 


2 






<0.19 


0.094 


060217.5 




SiO J = 1-0 = 


3 






<0.22 


0.109 


060217.5 




SiO J = 1-0 ^; = 


4 






<0.20 


0.099 


060217.5 




29SiO J = 1-0 ^; = 


- 






<0.17 


0.084 


060217.5 
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Table 3 — Continued 



IRAS name 


transition 






^peak 


5* 


rms 


obs. date 








(km s ) 


(K) 


(K km s ^) 


(K) 


/ 1 1 1 \ 

(yymmdd.dj 




30GiO 7 — 1-0 ?; - 


- 






<0 20 


OQQ 


060217 5 

yjyjyj^ x i .0 




ui^6 U2,3 








<^0 35 


n 1 "^1 

u. xox 


040516 








93 3 


3 39 


1 1 94 

XX. Zt: 


071 


040516 3 


20024-1-1 727 


q;q 7 _ in _ 


1 

J- 


—1 Q 


8 74 


1 8 61 

X (J . \J X 


06^ 


04051 Q 3 


fV718 Cvffl 
V / lo y->y^) 


kJlW (7 ± \J (J 


9 


— n Q 


6 1 7 


1 9 flfi 


n ns'^ 

\j .yjoo 


04051 Q 




OIW U — A. \J (J — 









If) 

xu 




04051 8 S 

yJ^yJO ±0.0 




c;q 7 _ o 1 „, _ 

kJlW U Zj X (7 









xo 


059 


04051 Q S 




29c;q 7 _ 1 n „, _ 

OIW (7 — J. \J U — 


- n 




u. xo 


n 49 


0'^4 


04051 Q 

UtiUO Xc/ .0 




^^SiO / — 9-0 V - 


- 






<^0 17 


04Q 


04051 Q 3 




n2vy ui^6 U2,3 








<^0 94 


OQO 


040510 3 

yJ^yJO ±yJ .0 


20043+2653 


SiO J = 1-0 = 









<0.13 


0.065 


060217.5 




SiO 7 — l-fl 7) — 


1 

X 


—4 3 


76 


1 41 

X .t:X 


066 


04051 Q 3 








—4 8 


n 4'? 


1 riQ 


075 


06021 7 5 




c;r) 7 _ in „, _ 







1 94 


0.\J\J 


OQO 


040520 








— 5 1 


Q3 


1 Q7 


081 


06021 7 5 




OIW O — J. U f — 




—4 8 


fl 79 


1 ^^5 
X . 00 


0Q6 


040520 








-7.3 


0.24 


0.36 


0.076 


060217 5 




GiO 7 _ If) _ 


4 






<0 14 

WJ. X'-± 


070 


060217 5 




GiO 7 — 9-1 7) — 


9 






<rO 18 

\U. xo 


053 


04051 Q 3 




^^SiO 7—1-0 7)- 


- 






<^n 17 

1 
<U.iz 


035 
U.UoU 


04051 Q 3 
UoUzi 1.0 




29SiO J = 2-0 = 


= 






<0.19 


0.054 


040519.3 




30SiO J = 1-0 V = 


= 






<0.14 


0.070 


060217.5 




H2O 6i,6-52,3 








<0.20 


0.074 


040516.3 


20052+0554 


SiO J = 1-0 V = 









<0.15 


0.077 


060217.6 


(V1416 Aql) 


SiO J = 1-0 = 


1 


-67.2 


4.85 


21.47 


0.082 


060217.6 




SiO J = 1-0 ^; = 


2 


-66.6 


4.02 


19.74 


0.083 


060217.6 




SiO J = 1-0 = 


3 


-71.8 


0.60 


0.53 


0.094 


060217.6 




SiO J = 1-0 = 


4 






<0.18 


0.089 


060217.6 




29SiO J = 1-0 = 


= 


-70.4 


0.33 


0.50 


0.077 


060217.6 
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Table 3 — Continued 



IRAS name 


transition 






^peak 


5* 


rms 


obs. date 








(km s ) 


(K) 


(K km s ^) 


(K) 


/ 1 1 1 \ 

(yymmdd.dj 




^°SiO 7 — l-fl 7) - 

kjivy (7 — X u c — 


- 






^0 17 


088 
u.uoo 


060917 6 

UUUZi X / .u 


9nn77— nfiP"! 


GiO 7—1-0 7! — 





— 14 3 


40 


3 16 

o. xu 


079 

U.U / Z( 


060917 6 

UUUZi X / .u 


(y-] Qfin An]) 


SiO 7 — 1-0 7) — 


1 

X 


— 17 5 

X / .u 


9 69 

.Z . 


8 48 


080 
u.uou 


060917 6 

UUUZi X / .u 




QjQ T _ 1 n _ 

kJivy u — ± \j u — 


2 


— 17 1 

X 1 . X 


5 Q1 

(J . t7X 


14 QQ 

Xt:. i7i7 


074 


06021 7 6 

WU X 1 . u 




o;q 7 _ 1 n „, _ 

kJlW (7 — X U C — 


o 






^0 16 

\U. XU 


089 

U .UOZj 


06091 7 6 

UUUZj X ( .u 




kJlW (7 — ± \J U — 


A 






^0 1 ^ 

\U. XtJ 


n 077 

U .U ( ( 


06091 7 6 

UUUZj X I .u 




29c;q t _ 1 n „, _ 

kJlW (7 — X U C — 


- n 

- u 


— 18 fi 


'^q 


^7 


069 

U .UUC/ 


06091 7 6 

UUUZj X I .u 




30c;q t _ 1 n „, _ 

OIW (7 — X U C — 


- 






<^0 1 5 

\U. Xt7 


078 

U .U 1 o 


06091 7 6 

UUUZj X I .u 




£12*^ Ul,6 ^2,3 








^0 16 


0^8 


040^16 


90941 -k'^RI 1 


SiO 7 — 1-0 7) — 

kJlVy (7 — X U C — 









<^0 14 

\U. X^ 


079 

U.U / Z( 


060918 5 

UUUZi XO.U 




GiO 7 _ i_n _ 

kJlvy (7 X L/ (7 — 


1 

X 


—0 5 


1 2Q 


5 13 

(J . X(J 


117 

U . X X 1 


060218 5 




SiO 7 — 1-0 7) — 

oivy (7 — X U (7 — 


9 


—0 fi 


84 


1 48 


087 
u.uo / 


060918 5 

UUUZi XO.U 




GjQ 7 _ 1 n _ 








<0 18 

\W. xo 


089 


060218 5 

UU W^j X (J . u 




kJlW (7 — ± \J U — 


4 






^0 16 
\U. xu 


080 
u .uou 


060918 5 
uuuzj xo.u 




29o;q 7 _ 1 n „, _ 

OIW (7 — X U C — 


- 






^0 14 

\U. XH: 


079 

U .U 1 Z( 


060918 5 
uuuzj xo.u 




30c!;q 7 _ 1 n „, _ 

OIW (7 — X U (y — 


- 






^0 16 

\U. XU 


081 

U .UO X 


060918 5 
uuuzj xo.u 




kJl V7 (7 — X U f — 


9 






15 16 

A.O. XU 


149 


040590 

UtiUUZjU .U 




GiO 7 — 1-0 7) — 

kJlVy (7 X L/ (7 — 


(J 






^0 27 


1 37 

U . X (J 1 


040520 3 




^^SiO 7—1-0 7)- 
oivy (7 — X yj (J — 


- 






<r9 09 


41 3 


040590 3 

UrtUUZiU.O 


Zi u u c/ 'J ± u 


GiO 7 — 1-0 7) — 


9 


—34 5 


89 


1 9Q 


094 


040590 3 




olU J = i-U V = 


o 
O 






<o.iy 


0.090 


n /I n on o 
040520. o 


20491+4236 


SiO J = 1-0 = 









<0.15 


0.076 


060217.5 




SiO J^l-Ov = 


1 


-40.6 


1.80 


4.87 


0.046 


040511.3 








-40.2 


3.45 


9.91 


0.083 


060217.5 




SiO J = 1-0 v = 


2 


-41.9 


2.54 


7.83 


0.060 


040511.3 








-41.2 


4.51 


13.67 


0.079 


060217.5 




SiO J = 1-0 ^; = 


3 


-40.8 


0.31 


0.42 


0.068 


040520.3 








-40.4 


0.85 


1.54 


0.090 


060217.5 




SiO J = 1-0 ^; = 


4 






<0.16 


0.082 


060217.5 




SiO J = 2-1 = 


1 


-40.7 


0.47 


1.59 


0.037 


040511.3 
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Table 3 — Continued 



IRAS name 


transition 








5* 


rms 


obs. date 








(km s j 


(K) 


(K km s ^) 


(K) 


(yymmdd.dj 




^^SiO 7 — l-fl 7) - 

oivy (7 — X yj u — 


- n 






<^0 1 1 

\L/. X X 


n 093 
yj.yj t o 


040511 3 

L/rtUU X X .O 
L/UUZi X / .U 




30G^Q T _ in _ 
kjivy u — i L/C — 


- 






<^0 16 

\ L/ . X L/ 


079 

L/. L/ 1 t7 


L/L/L/Z i 1 .U 








—38 7 


80 

L/ .UL/ 


2.64 


056 


040510 3 




CiQ 7 _ in _ 

kJlW u — ± \J u — 




\J 






^f) 1 9 

\U . X Z 


n DfiD 


080918 5 

L/UUZ XO .U 




OIW (7 — A. \J U — 


1 

X 


X . u 




1 Q 74 


u. uuo 


0fi0918 5 

WUUZ XO .u 









X . o 




X .UZ 


yJ.yjOiy 


0fi0918 5 

UUUZj XO .u 




CiQ T — in „, _ 

OIW (J — J. \J u — 


o 


n 1 

U. X 


n fi4 


n 7n 


n n7n 


0fi0918 5 

UUUZj xo.u 




c\r) 7 _ in _ 


A 

rt 






^0 1 9 

\L/. XZi 


061 

L/.L/UX 


060918 5 

L/UL/Zi XO.U 




^^SiO 7 — l-fl 7) - 
oivy (7 — X yj u — 


- n 

- yj 


9 Q 


n 34 


67 


n 054 


060918 5 

L/UL/Zi XO.U 




30GiO 7 — 1-0 7;- 

kJlvy (7 i L/C — 


- 

- yj 






<rO 1 3 

\ L/ . X (J 


067 

L/.L/L/ 1 


060918 5 

L/L/L/Z iO .U 




GiO 7 — 1-0 7) — 
oivy (7 — X u c — 


n 

yj 






^0 1 1 

X X 


055 

L/.L/UU 


060919 5 

L/UL/Zi Xc/ .U 




Q\r) J — in _ 

kJlW (7 — X U C — 


1 

X 




'^fi 77 


X xu .uo 


KJ.KJOCj 


0fi091Q 5 

UUUZ X C/ .u 




kJlW (7 — ± \J U — 





—9 fi 


49 97 


1 9fi 8Q 


n 058 


0fi091Q 5 

UUUZ XC/ .u 




OIW (7 — X W C — 








\U . xo 


n nfi4 

U. UUt: 


0fi091Q 5 

UUUZ Xc/ .u 




OIW (7 — X U C — 


4 






\U . X X 


n 058 


0fi091Q 5 

UUUZ Xc/ .u 




29q;r) 7 _ i n _ 

OIW (7 — X U C — 


- n 






in 

\U . xu 


n 059 


0fi091Q 5 

UUUZj Xc/ .U 




30GjQ T _ i_n _ 

kJlvy fJ J- L/C — 


- 

— L/ 






<0 12 


058 

L/. L/(JU 


060219 5 

L/L/L/^i(_/.(J 


01 970-1-71 '^'^ 


GiO 7 — 1-0 7) — 
oivy (7 — X u c — 


n 

yj 






<rO 1 1 

\L/. X X 


n 055 

L/.L/UU 


060919 5 

L/UL/Zi Xc/ .U 




SiO 7 — 1-0 7) — 


1 


—34 5 


3 59 


14 53 


059 


060919 5 




c;o 7 1 n 

oiU J = i— U V = 


Z 


Q /I ^ 

— o4.D 


z.oi 


1 o on 


n nc; /I 
U.Uo4 


n^^noi n 

uoUziy.o 




SiO J = 1-0 = 


3 


-31.9 


0.50 


1.26 


0.065 


060219.5 




SiO J = 1-0 ?' = 


4 






<0.12 


0.059 


060219.5 




29SiO J = 1-0 V = 


= 


-31.8 


0.39 


1.00 


0.052 


060219.5 




^^SiO J = l-Ov = 


= 






<0.12 


0.059 


060219.5 


21286+1055 


SiO J = 1-0 = 









<0.15 


0.079 


060218.5 


(UU Peg) 


SiO J = 1-0 V = 


1 


33.5 


5.63 


23.01 


0.089 


060218.5 




SiO J = 1-0 = 


2 


29.9 


7.19 


21.35 


0.085 


060218.5 




SiO J = 1-0 ^; = 


3 






<0.19 


0.096 


060218.5 




SiO J = 1-0 = 


4 






<0.17 


0.086 


060218.5 
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Table 3 — Continued 



IRAS name 


transition 




/I 1 \ 

(km s j 


^peak 

(K) 


5* 

(K km s ^) 


rms 
(K) 


obs. date 
(yymmdd.dj 




29SiO J = 


--1-Ov^ 


- n 


9Q 8 

Zic/ .0 


n 97 


n 53 


077 


060918 5 

UUUZi xo.u 




=^°SiO J = 


= 1-0 ^; = 


- 






17 


088 
u.uoo 


0fi0918 5 

UUUZi xo.u 




SiO J = 


1-0 V = 


n 






<^n 18 


n OQO 


060919 5 

UUUZi Xc/ .u 


(u Cm) 


SiO J = 


1-0 V = 


1 

J- 


97 Q 


1 69 


3 17 


OQfi 


060919 5 




SiO J = 


1-0 f = 




97 5 


fi m 

u . u ± 




n nQ9 


060919 5 

UUUZi Lz) .0 




SiO J = 


1-0 V = 





97 5 




77 


U . X uu 


060919 5 

UUUZi Lz) .0 




SiO J = 


1-0 V = 


4 










060919 5 

UUUZi Lz) .0 




29SiO J = 


= 1-0 V = 


- n 






17 

\U . X 1 


n (184 


060919 5 

UUUZj .0 




3°SiO J = 


= 1-0 ^; = 


= 






<0.19 


0.095 


060219 5 




SiO J = 


1-0 V = 


n 






<^0 17 


n 088 
u.uoo 


060918 6 

UUUZi xo.u 




SiO J = 


1-0 V = 


1 

X 


12 5 


12 45 


31 78 

(J X . 1 (J 


097 


060218 6 

yjyjyj^ xo .u 




SiO J = 


1-0 V = 


9 


19 3 


8 07 


99 84 

£j£j. Ore 


n 093 


060918 6 

UUUZi xo.u 




SiO J = 


1-0 V = 








91 


n 107 

u . xu 1 


060918 6 
uuuz, xo .u 




SiO J = 


1-0 V = 


4 






\U . Xc/ 


U .Uc/O 


06091 8 6 
uuuzj xo .u 




29SiO J = 


--l-Ov = 


- n 






\U . xu 


n 089 

U .UOZj 


06091 8 6 
uuuzj xo .u 




30SiO J = 


--l-Ov = 


- 






<0 IQ 


097 


06091 8 6 

WUUii-i X . u 




H2O 6 


1,6 — ^2,3 








9S 


n 085 

U .UO^J 


04051 7 


(EP Aar) 




















SiO J = 


1-0 V = 


n 






<^0 18 

\U. xo 


n 099 


060919 6 

UUUZi Xc/ .u 


CRT Cm) 


SiO J = 


1-0 V = 


1 

X 


—43 fi 


5 fiO 


1 3 74 


1 04 


060219 6 




SiO J = 


1-0 V = 




/ 


/I /I c: 
—44.0 


y.oD 


01 /I 


u.uyz 


UoUziy.D 




SiO J = 


1-0 = 


3 






<0.21 


0.108 


060219.6 




SiO J = 


1-0 V = 


4 






<0.19 


0.093 


060219.6 




29SiO J = 


= 1-0 f = 


= 


-44.2 


1.99 


2.78 


0.086 


060219.6 




30SiO J = 


= 1-0 V = 


= 






<0.20 


0.099 


060219.6 


22097+5647 


SiO J = 


1-0 V = 









<0.17 


0.088 


060219.6 


(CU Cep) 


SiO J = 


1-0 V = 


1 


-49.2 


4.84 


28.29 


0.098 


060219.6 




SiO J = 


1-0 V = 


2 


-48.5 


2.90 


10.13 


0.090 


060219.6 




SiO J = 


1-0 V = 


3 






<0.21 


0.107 


060219.6 




SiO J = 


1-0 = 


4 






<0.19 


0.095 


060219.6 
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Table 3 — Continued 



IRAS name 


transition 








5* 


rms 


obs. date 








(km s ) 


(K) 


(K km s ^) 


(K) 


(yymmdd.dj 




29GiO 7 — 1-0 ?; - 


- 






<^0 1 8 

\ L/ . X (J 


091 


060219 6 




^°sin 7 — 1-0 ?) - 


- 






<rn 1 Q 


U.Uc/U 






GiO 7 — i-fi 7) — 


n 






<^0 99 


115 

U. X xu 


060919 6 

UUUZi Xc/ .u 




q;q 7 _ in „, _ 


1 

J. 


—27 2 


1 05 


9 19 

^ . X i7 


197 


060919 6 

UUU^j X i7 . U 




Q\r) T _ 1 n _ 

kJlW u — ± \J u — 




—97 4 

Zi / .'4: 


Q 53 


99 58 


197 

U. XZ( 1 


0fi091 Q fi 

UUUZj Xc/ .u 




SiO / = 1-0 V = 


3 






<0.27 


0.138 


060219 6 

\J\J\J ^ Xt7.VJ 




c;q t _ 1 n „, _ 

OIW (7 — ± \J U — 


4 






^0 94 


193 


0fi091 Q fi 

UUUZj X C/ .u 




29c;q 7 _ 1 n „, _ 

OIW tJ — J. \J u — 


- 


—97 Q 


fi8 
u .uo 


fi8 

U .UO 


118 

U. X xo 


0fi091Q fi 

UUUZj Xc/ .U 




30q-/^ T _ Ifl _ 

oivy u — ± \j u — 


- 






<r{\ 98 


140 


0fi091Q fi 









— 51 9 

U X .Z 


4 41 


19 43 

Xc/ .rtO 


110 

yj. X xu 


040590 3 

UrtUUZiU.O 




GiO 7 — 1-0 7) — 








^0 91 


109 

U. XUt? 


040590 3 

UrtUUZiU.O 




29GiO 7 — 1-0 7)- 


- 

- yj 






<^1 95 


957 


040590 3 

yj^yjo ^yj .o 








—50 8 


4 Q4 

'-± . t7'-± 


30 35 


168 

w. xuo 


040516 3 

UtiUO xu . O 


99^1 9-l-fi1 Of) 




n 






^0 90 


109 

U. XUZj 


0fi0990 4 

UUU.^.^U .rt 


1 V (JOU vyCJJ J 




1 

X 


— 50 4 




C/ .uu 


104 

U. XUt: 


0fi0990 4 

UUU.^.^U .t: 




kJlW (7 — X U C — 




— 51 fi 

<JX .U 


1 95 


70 


103 

U. XUO 


0fi0990 4 

UUU-i<.^U .t: 




OIW (7 — X U f — 








^0 94 


1 1 Q 

U. X X 


0fi0990 4 

UUU.^Z;U .rt 




GiO 7—1-0 7) — 


4 






<0 21 


105 

U. XUO 


060220 4 

yjyjyj ^ ^yj 




29GiO 7 — 1-0 7)- 


- 

- yj 






<^0 1 9 


095 

U.Uc/U 


060990 4 

UUU.Z.ZU .rt 




SOGjQ / — i_n - 

kjlv^ ey — X V7 ly — 


- 






<^0 22 


0.111 


060220 4 


ZZOlO+Uooo 


olU J = 1-U V = 









^n 1 n 

<o.iy 


n nn^ 

o.oy / 


n/^noi o 1^ 


(KZ Peg) 


SiO J = 1-0 f = 


1 


5.0 


9.26 


33.16 


0.107 


060218.6 




SiO J = 1-0 ?; = 


2 


3.0 


10.93 


30.25 


0.103 


060218.6 




SiO J = 1-0 = 


3 


1.6 


1.40 


1.70 


0.119 


060218.6 




SiO J=l-Qv = 


4 






<0.22 


0.111 


060218.6 




29SiO J^l-Ov^ 


= 






<0.18 


0.092 


060218.6 




=^°SiO J = 1-0 ^; = 


= 






<0.22 


0.113 


060218.6 


22525+6033 


SiO J = 1-0 = 









<0.20 


0.101 


060220.5 


(MY Cep) 


SiO J = 1-0 ^; = 


1 


-53.7 


3.77 


17.08 


0.110 


060220.5 




SiO J = 1-0 = 


2 


-51.9 


2.15 


5.56 


0.106 


060220.5 



-49- 



Table 3 — Continued 



IRAS name 


transition 


(km s~^) 


T 
pecik 

(K) 


S 

(K km s-^) 


rms 
(K) 


obs. date 
(yymmdd.d) 




SiO J = 1-0 f = 3 






<0.24 


0.119 


060220.5 




SiO J = 1-0 V = 4 






<0.24 


0.121 


060220.5 




29SiO J = 1-0 ^; = 






<0.20 


0.103 


060220.5 




3°SiO J^l-Ov^O 






<0.21 


0.108 


060220.5 


23041+1016 


SiO J = 1-0 V = 






<0.17 


0.087 


060218.6 


(R Peg) 


SiO J = 1-0 ^; = 1 


26.6 


2.85 


18.66 


0.095 


060218.6 




SiO J = 1-0 V = 2 


27.3 


2.16 


14.28 


0.092 


060218.6 




SiO J = 1-0 t; = 3 






<0.20 


0.103 


060218.6 




SiO J = 1-0 = 4 






<0.19 


0.097 


060218.6 




29SiO J = 1-0 t; = 






<0.16 


0.082 


060218.6 




=^0SiO J = 1-0 V = 






<0.21 


0.107 


060218.6 



